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PREFACE. 


For more than twenty years, the compounds of carbon have 
been classified in a rational manner ; and the relations 
between the different groups of compounds and between the 
individual members of the same groups have been placed in 
a clear light. It is, doubtless, owing to the brilliant origin- 
ators of this method of classification — Kekule, Hofmann, 
Wurtz, Frankland, and others too numerous to mention, but 
whose names occupy a prominent place in the history of our 
science — that the domain of organic chemistry has been so 
systematically and successfully enlarged, and that it presents 
an aspect of orderly arrangement which can scarcely be 
surpassed. 

This has unfortunately not been the fate of the chemistry 
of the other elements. Nearly twenty-five years have 
elapsed since the discovery by Newlands, Mendel6eff, and 
Meyer of the periodic arrangement of the elements ; and, in 
spite of the obvious guide to a similar classification which it 
furnishes, no systematic text-book has been written in English 
with the periodic arrangement of the elements as a basis. 

The reasons for this neglect have probably been that the 
ancient and arbitrary line of demarcation between the non- 
metals and the metals has been adhered to ; that too great 
importance (from the standpoint of pure chemistry) has been 
assigned to the distinction between acid hydroxides and 
basic hydroxides (acids and bases), which has tended to 
obscure the fact that they belong essentially to the same 
class of compounds, viz., the hydroxides ; and that the 
chemistry of text-books has almost always been influenced 
by commercial considerations. The first of these reasons 
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has often led, among other anomalies, to the separation of such 
closely allied elements as boron and aluminium, antimony 
and bismuth, silicon and tin ; the second reason has often led 
to the ignoring of the double halides, except in a few spcctal 
instances, and to the neglect of compounds such as double 
oxides of the scsquioxides of the iron group, in which these 
oxides play an acidic part; while, for the third reason, those 
methods of preparing compounds which are of commercial 
importance are usually given, while other methods, as im- 
portant from a scientific point of view, are often ignored ; the 
borides, nitrides, &c., have been almost completely neglected 
since the time of Berzelius ; and the less easily obtained 
elements and compounds have been dismissed with scant 
iiotice because of their rarity ; whereas they should obviously 
be considered as important as the commoner ones in any 
treatise on scientific chemistry. 

The methods of classification adopted in this book are, as 
nearly as the difference of subject will permit, those which 
have led to the systematic arrangement of the carbon com- 
pounds. After a short historical preface, the elements are 
considered in their order; next their compounds with tbe 
halogens, including the double halides ; the oxides, sulphides, 
SelenideSj'and tellurides follow next, double oxides, such as 
sulphates, for example, being considered among the com- 
pounds of the simple oxides with the oxides of other ele- 
ments ; a few chapters are then occupied with the borides, 
carbides, and silicides, and the nitrides, phosphides, arsen- 
ides, and antimonides ; and in these the organo-metallic com- 
pounds, the double compounds of ammonia, and the cyanides 
are considered; while a short account is given of alloys and 
amalgams. The chemistry of the rare earths, which must at 
present be relegated to a suspense account, is treated along 
with spectrum analysis in a special chapter ; and the 
systematic portion of the book concludes with an account 
of the periodic table. 

The periodic arrangement has been departed from in two 
instances : the elements chromium, iron, manganese, cobalt, 
and nickel have been taken after those of the aluminium 
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group ; and the elements copper, silver, gold, and mercury 
have been grouped together and considei-ed after the other 
elements. It appeared to me that the analogies of these 
elements would have been obscured, had the periodic arrange- 
ment been strictly adhered to. 

It has been thought desirable, instead of ti'eating of 
processes of manufacture under the heading of the re- 
spective elements or compounds, to defer a description of 
them to the end of the book, and to group them under 
special headings, those compounds being considered together 
which are generally manufactured under one roof. In 
describing manufactures, chemical principles have been con- 
sidered, rather than the apparatus by means of which the 
manufactures are carried on. The student, having acquired 
the requisite acquaintance with facts, is now better able to 
appreciate these principles. 

The physical aspects of chemistry have generally been 
kept in the background, and introduced only when necessary 
to explain modern theories. I hold that a student should 
have a fair knowledge of a wide range of facts before he 
proceeds to the study of physical chemistry, which, indeed, 
is a science in itself. But short tables of the more important 
physical properties of elements, and of the simpler com- 
pounds, have been introduced for purposes of reference. 

It may be asked if such a system is easily grasped by the 
student, and if it is convenient for the teacher. To this 
question I can reply that, having used it for four years, I am 
'perfectly satisfied with the results. For the student, memory 
work is lightened ; for the teacher, the long tedious descrip- 
tion of metals and their salts is avoided ; and I have found 
that the student’s interest is retained, owing to the fact that 
all the ‘‘fire-works” are not displayed at the beginning of 
the course, but are distributed pretty evenly throughout. 

It need hardly be mentioned that the teacher is not 
required to tpach, nor the student to remember, all the fActs 
as they are here set forth. It is necessary to make a 
judicious selection. But it is of advantage to have the list 
fairly complete for purposes of reference. It should be stated 



that, in tho case of compounds of questionable existence, 
they have received the benefit of the doubt. It is at least 
well that they should be known, in order that their existenrce 
may bo brought to tlie tost of renewed experiment. 

Eeferences to original memoirs have been given where 
important theoretical points are involved; or where doubt 
exists ; and an attempt has been made to guide the reading 
of students. As a rule, references to recent papers are 
given ; the older references may be found in one of the 
chemical dictionaries. 

William Ramsay. 

University College^ London, 

January, 1891 . 
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PART I. 


CHAPTER T. 

INTRODUCTORY AND HISTORICAL. 

Thk first object of tlio Science of Cliomiatry is to ascertain the 
composition of the various things which we see around us. Thus, 
among familiar objects are air, water, rocks and stones, earth, the 
bark, wood, and leaves of plants, the flesh, fat, and bones of animals, 
and so on. Of what do these things consist ? 

The second is to ask. Can such things be made artificially, and, 
if so, by what methods ? Attempts to answer these questions 
have led to the discovery of many different kinds of matter, some 
of which have as yet resisted all efforts to split them up into still 
simpler forms. Such ultimate kinds of matter are termed vlvments. 
But other kinds of matter can often be produced when two or 
more of the simpler forms or elements arc brought together ; the 
elements are then said to coiuhiue^ and the new substances resulting 
^rom tbeir combination are called compounds. 

The third object of the Science of Chemistry is the correct 
dassification of the elements and of their cornpouiids ; those sub- 
stances which are produced in a similar manner, or whicli act in a 
.dmi^ar manner when treated similarly, being placed in the same 
ciass. 

The fourth inquiry relates to the changes which different forms 
of matter undergo when they unite with each other, or when they 
split into simpler forms. 

Fifthly, the conditions of change are themselves compared 
with each other and classified ; and thus general laws are being 
deduced, applicable to all such changes. 

Lastly, the Science of Chemistry and the sister Science of 
Physics join in speculations regarding the nature and structure of 
matter, in the hope that it may ultimately be possible to account 
for its various forms, the changes which they undergo, and the 
relations existing between them. 

B 
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INTRODUCTORY AND HISTORICAL, 


To answer questions such as these, it is obvious that experi- 
ments must be made. Each form of matter must be separately 
exposed to different conditions ; heated, for example ; or placed 
under the influence of an electric current; or brong*ht together 
with other kinds of matter ; before it is possible to know what ft will 
do. Now, the ancient philosophers did not perceive this necessity ; 
nor indeed were they much concerned in making the inquiry. 
Those nations which have left behind them a record of their 
thoughts, the ancient inhabitants of India, Egypt, Greece, and 
Romo, devoted their attention, if they aspired to be learned, to 
oratory, to liistory, or to poetry. Their only scientific pursuits 
were politics, ethics, and niatheraaties. Distinction was to be 
gained in the forum, in the temple, or in the battlet^eld ; not in 
wresting secrets from Nature. The practice of such of the arts as 
wore then known was in the hands of slaves and the lower classes 
of the people, who were content to transmit their methods from 
father to son, and whose achievements were unchronicled. The 
citizens of the State, the wealthy and the leisured, despised these 
low-class arts; and, indeed, it was taught by Socrates and his fol- 
lowers that it was foolish to abandon the study of those things 
which more nearly concern man, for that of things external 
to him- It was generally believed that by the exercise of pure 
thought, without careful observation and experiment, a man 
could know best the true nature of the objects external to him. 
Thus Plato says in the 7th Book of the “ Republic,’* “We shall 
pursue Astronomy with the help of problems, just as we pursue 
Geometry; but, if it is our design to become ixjally acquainted with 
Astronomy, we shall let the heavenly bodies alone.” Elsewhere 
ho states that, even if we were to ascertain these things, we could 
neither alter the course of the stars, nor apply our knowledge so as 
to benefit mankind. And in “Timajus,” Plato remarks, “ God only 
has the knowledge and the power which are able to combine many 
things into one, and to dissolve the one into the many. But no man 
either is or ever will be able to accomplish either the one or the 
other operation.** 

It was impossible, with such a mental attitude towards science, 
for any accurate knowledge to exist, or for any probable theories 
to be devised. Yet, as it is interesting to know something of the 
old ideas concerning matter and its nature, a short sketch will be 
given here. 

The origin of the world was for the ancient philosophers of 
Egypt, India, and Greece, as it is for ourselves, a subject of the 
greatest interest ; and in attempting to frame some theory to explain 
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the Creation it was necessary to speculate on the nature of mattei*. 
The various aspects of matter which we see around us were sup- 
posed by £mpedocles (492 b.c.), and later by Aristotle (384 b^.), 
to be modifications of one fundamental original material, ocfmrring 
in vaft’ious forms, the difference between which was caused by the 
‘assumption of certain “ elements,** or as we should now name them 
“ properties.*’ This original material was imagined by Empedocles 
to consist of small particles, which ho termed atoms, or “indi- 
visibles,** because they were in his view the ultimate particles into 
which matter could be divided. Plato imagined such atoms to 
have the form of triangles of difFerent sizes, cijuilateral, isosceles, 
or scalene ; and ascribeil the “perfection’* or “imperfection** of 
matter to due to the form of its ultimate particles. But such 
particles were modified by the “elements” earth, water, air, and 
Jire ; tliat is, they assumed a solid, liquid, amuform, or flaming 
nature, according to the element which ])redominated in them 
Along with this view, a certain (‘onfusion of thought arose which 
led to the conception that eart,h, water, air, and tire were actually 
present in, and constituents of, matter, and that all the elements 
originated in one, supposed by Thales ((>00 b.c.) to bo water, and 
by Anaximenes (about 550 b.c.) to be air or fire. The well- 
known poem of Lucretius, Do rerum naturd, is a transcript of 
these views of the atomic constitution of the universe. But such 
speculations were wholly without a basis of fact, and led to no 
new knowledge. These ideas, in all probability, were originally 
derived from India, where the four elenumts already men- 
tioned were associated with a fifth and sixth, ether and 
consciousness, as appears from the t(‘aching of Buddha. The 
notion that matter was one in kind, modified by certain attributes, 
developed the belief that by changing the attributes, the matter 
itself would be transmuted. Thus Tinm)us is made to say by 
Plato: — “In the first place, that which we are now calling water, 
wheh congealed, becomes stone and earth, as our sight seems to 
show us [here he refers probably to rock-crystal, a transparent, 
hard material, which was supposed to be petrified ice] ; and this 
same element, when melted and dispersed, passes into vapour and 
fire. Air again, when burnt up, becomes fire, and again fire, when 
condensed and extinguished, passes once more into the form of air ; 
and once more air, when collected and condensed, produces cloud 
and vapour ; and from these, when still more compressed, comi s 
flowing water ; and from water come earth and stones once more ; 
and thus generation seems to be transmitted from one to the other 
in a circle.” Here the elements are evidently conceived in their 

• b 2 
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concrete sense ; but he goes on to say that cei-tain matter in a sfate 
of change partakes of the nature of fire to some extent, and to some 
extent of the nature of the other elements. , 

Guided by such considerations, Aristotle gave precision to these 
speculations by liis system of “contraries.” The propeHies shared 
by all matter in varying projiortions were “ hotness,” “ coldness,” 
“moistness,” and “dryness.” Thus air was hot and moist; fire, 
hot and dry; water, cold and moist; and earth, cold and dry. By 
imparting heat to water it becomes steam, that is, air, hot and 
moist; by taking away its moisture it becomes earth, that is, ice, 
cold and diy. 

The “Timmus” of Plato, which has been quoted several times 
here, was held in high esteem by the great school of learning which 
existed at Alexandria during the first centiiTMes of our era. It was 
here, in all likelihood, that the second great era of chemicnl theory 
began. Based on such ideas regarding the constitution of matter, 
attempts were made to change one substance into another, and 
above all to transmute the baser metals into gold. The attempt 
was called (the Arabic prefix aJ signifying “the”), and 

from that woi'd, which probably means tlie dark or secret art, is 
derived our modern name Chemistry. 

In order to realise the atlitute of mind which led to the belief 
in the possibility of the f ran smut at ion of nicfalsy as the change of 
one metal into anotlu'r is called, wo must note that it was supposed 
that the apparent change of one form of matter into another in- 
volved the destruction of the first form, and the creation of tho 
second ; the properties of the matter were changed, and hence the 
mat ter itself was supposed to he changed ; no attempt was made, 
so far as we knoxv, to compare the weights (or masses) of the 
matter before and after the clmngo had taken place. Pure sub- 
stances, moreover, were almost unknown, and the sepai'ation of an 
impurity from a compound in many cases entirely altered its pro- 
perties. Now, the Arabs, who conquered Egypt in the 7th century, 
and transmitted their kno^^ ledge to posterity, pos.sessed a theory 
of which wo learn in the writings of Qeber, an Arabian alchemist 
of the 8th century, and in which we can trace a germ of the 
modern views concerning matter, inasmuch as we find here the 
first dawn of a conception of a chemical compound, in the modern 
sense of the word. 

Geber, and probably bis predecessors the Alexandrians, i*e- 
garded the metals as alloys of mercury and sulphur in varying 
pix>portions. Now-a-days, mercury is the name of a metal which 
possesses definite unalterable properties ; nor does sulphur vaiy. 
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but is always a distinct substance capable of certain changes, 
though radically the same throughout these changes. But Geher 
Jield that the mercury and the sulphur eacli varied in kind and in 
properties, and were not what we should now term definite 
chemical individuals. His views may best bo learned from his 
own words : — “ is folly to attempt to extract one substance from 
another which does not contain it. But, as all metals consist of mer- 
cury and sulphur, it is possible to add to one what is wanting, or 
to take from another ^^hat is in excess.’* Yet he did not discard 
the older elements, earth, water, air, and fire, but appi'urs to have 
regarded them as more remote eemstituents of matter, while mei*- 
cury and sulphur were the proximate constituents. I’lie nu'reury 
was suppos(^l toimjiarf to metals their brilliancy, tluur malleability, 
and their fusibility ; whib‘ the sulphur uhieh th(*y eontaimul rmi- 
dered them alterable by tire, which changes many metals to earthy 
powders. Tn his writings also wo find th(‘ first allusion to a con- 
nection between the curing of disease and the transmutation of 
metals, in his illustration, ‘‘ Bring me the six lepers, and I will 
heal them,” referring to the convention of six of the metals then 
known into gold, the sevumth. 

Tt 18 not wonderful that the alchemists should have bemi le(l 
into error by attempts to transmute the metals into gold, foi* 
their properties are radically changed by the presence of men* 
traces (jf foreign bodic's. 

Thus the presence of a minute trace of lr*ad or arsenic, for 
examjile, renders gohl exe(*(*ding]y brittle, and alters its colour; 
tin* })resence of a very small (piantity of carbon in iron ri'inhu’s it 
elastic, or if more be present, bard and britthj; a small amount of 
arsenic in copper colours it white and lowers (‘iiormously its power 
of conducting electricity. These eliangt's, which are still un- 
explained, received much more attention in the early days of 
ohemistiy than of recent years ; but it is to bo hojied that they 
wdir again be exhaustively^ studied. 

For many centuries after Geber’s time, altliougb iium(‘rous 
('.ompounds were discovered in the search for gohl, no new 
development of theory can be noticed. The altitude of the 
Roman Church was hostile to the progre.ss of any knowdege of 
nature. All learning was in the hands of the priests, and the 
study of the ancient writers was discouraged or forbidden, as not 
only useless in itself, but as tending to distract tlie mind from the 
higher studies of Divine things. When permitted on sufferance it 
was with the avowed object of combatting disbelief with its own 
weapons. Roger Bacon (1214 — 1291; even, who published 
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several works on alchemy, wrote that that science which is not 
prosecuted with a view of defending the Christian faith leads “ to 
the darkness of hell.” Yet after the conquest of Spain by -the 
Arabs, in the beginning of the 8th century, the study of medicine 
of mathematics, and of optics slowly grew in the west of Europt 
The works of many of the Greek philosophers were known onl 
through Arabic translations. It was not in the nature of the 
Arabs to originate new theories ; they merely preserved those 
which they had. 

In the 16th century, Basil Valentine, a Benedictine friar, 
added one to the two supposed constituents of metals. This 
was a principle of fixity ; something which resisted the action 
of heat without volatilising into gas. Yalentine termed this 
principle “ salt.” Again, it is not to be understood that any 
particular salt is referred to ; yet, in the minds of many of Basil 
Valentine’s disciples, the earthy residue obtained by calcining 
metals such as lead in the air was regarded as the same in essence, 
from whatever source it had been derived. And this theory was 
extended to include all matter ; it is well described in the w'ords of 
Paracelsus (born 1493, died 1541). “In all things four elements 
are mingled with each other ; among those four, only one is fixed 
and perfect ; in that element lies the true ‘ quintessence.’ The 
other elements are imperfect; yet any one of them is able to 
tinge and qualify the others, according to its nature. Thus in 
some the element water predominates ; in some fire ; in some 
earth ; in others air. In order to separate the predominating 
element as salt, sulphur, and mercury, each must be broken and 
destroyed by solution, and calcination, or by such means.” 
“ There are various minerals in which the elements ai'e not so 
firmly locked up as in the metals, and which can be split into theiji 
three principles: salt, the fixed element; sulphur, fiery and«oily ; 
and mercury, aeriform and watery.” ( Wiinsch Huttleitiy Erfurt, 
1738, p. 27.) 

The language of the mediaeval alchemists is most obscure. 
Not only did they confuse substances now known to be perfectly 
distinct ; not only was their nomenclature ambiguous ; but a 
spirit of mysticism pervaded their writings which led them to 
believe that it would have been impious to reveal to the common 
people the processes with which they were acquainted. Chemical 
elements and compounds form in the pages of their books proces- 
sions of kings and queens, bridegrooms and brides, lions and 
dragons, eagles and swans ; gold is the Sun ; silver the Moon ; this 
king and quee^, Apollo and Diana, are devoured, on their bridal 
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eve, by Saturn, (lead), a dragon and serpent which has for ages 
slept in his rocky cavern. Pluto enters with exceeding heat, 
expelling the dragon as an eagle with scorched wings, and leaving 
the royal pair reposing on a bed, white as the mountain snows. 
Such is Basil Valentine’s account of the refining of gold in the 
second of his “ Twelve keys to unlock the door leading to the 
ancient stone among innumerable descriptions of the kind it is 
one of the few in which the actual processes can be followed under 
their mystical disguise. We meet with fanciful analogies between 
the Divine Trinity ; the human body, soul, and spirit ; and the 
trio of salt, sulphur, and mercury, in which religion, medicine, and 
chemistry are mingled in inextricable entanglement. Yet such 
analogies served a good purpose ; they led to the combatting of 
disease, not as before with charms and incantations, and remedies 
of a disgusting and fantastic nature, but by the administration of 
chemical substances as drugs. In spite of all their false theories, 
connecting certain of the (»rganisms of the bodies with the stars, 
and these again with the metals, the compounds of which were 
supposed to act on those organisms with which they were so 
fancifully related, time progress was made by the only way in 
which progress is possible — by experiment and deduction ; and the 
virtues of antimony, of mercury, and of other remedies were 
gradually discovered. This change in the ultimate goal of chemical 
research was begun by Basil Valentine; its chief advocate, how- 
ever, was Paracelsus, who boldly announced that “ The true scope 
of chemistry is not to make gold, but to prepare medicines.” Yet 
in his writings there are numerous receipts for the preparation of 
the alcahest, or universal solvent; and of that magic elixir^ capable 
not only of converting baser metals into gold, but of conferring on 
its fortunate possessor long life and eternal youth. 

Although no advance in chemical theory was made by the 
school of alchemists represented by Valentine and Paracelsus, yet 
the indefatigable labours of these men and of their disciples 
enriched chemistry by the discovery of many new compounds, 
and laid a foundation of facts for chemists of a later age. 

The era of modern chemistry opens with Robert Boyle 
(1626 — 1691). In his works, which are very voluminous, we meet 
with no traces of the spirit of mysticism which prevailed up to his 
time, but he manifests that aspect of rational inquiry which is 
typical of modern science. His most important work on chemistry 
is named “ The Sceptical Chymist, or considerations upon the 
experiments usually produced in favour of the four elements, and 
of the three chymical principles of the mixed bodies.” In it he 
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defines tlie word element : “ The words element and principle arc 
here used as equivalent terms : and signify those primitive and 
simple bodies of which the mixed ones are said to bo composed, 
and into which they are ultimately resolved. ’Tis said that a 
piece of green wood, by burning, discovers the four element!^ of 
which mixed bodies are composed, the fire appearing in the flame 
by its own light; the smoke ascending and readily turning into air, 
as a river mixes with the sea ; the water, in its own form, boiling 
out at the end of the stick, and the ashes remaining for the element 

of earth But there are many bodies from whence 

it seems impossible to extract four elements by fire, and which of 
these can be obtained from gold by any degree of fire whatsoever ?” 
He then proceeds to consider in detail the supposed evidence for 
the existence of the Aristotelian elements, and of the principles, 
salt, sulphur, and mercury ; and he finally shows that they cannot 
be considered as elements^ using the word in the modern sense of 
the constituents of bodies ; and he incidentally points out that 
compounds, as a rule, do not resemble the elements of which they 
are composed. 

Boyle thus successfully combatted the ancient doctrines of the 
alchemists ; and although a belief in alchemy lingered on into the 
last century, and has even had a few disciples in our own day, yet 
the formation of the learned societies of Florence (1657), London 
(1662), Paris (1666), and Vienna, and the open interchange of 
ideas among men who submitted every doubtful point to the test of 
experiment, did much to destroy the veil of mysticism which had 
surrounded the labours of the ancient alchemists, and has ulti- 
mately proved the correctness of Bojle’s views. 

The phenomena of burning and combustion played a great part 
in the theories of the media3val alchemists, and were held to sub- 
stantiate their views. For when a candle burns, it disappears ^,the 
solid is changed into air and flame ; a transmutation has taken 
place, proving the identity of the elements. Many metals, when 
heated in air, are converted into earthy powders, difi^ering entirely 
from their originals in properties. Paracelsus seems to have 
imagined that in certain similar cases, for example when iron 
pyrites lies exposed to air, “the old demogorgon,” as he calls this 
compound of iron and sulphur, “ absorbs the universal salt, 
whereby it is converted into a greyish crystalline powder.” But 
no consistent theory had been advanced to account for the pheno- 
mena of combustion. John Mayow (1645 — 1679), indeed, a con- 
temporary of Boyle’s, a medical graduate of Oxford, who practised 
at Bath, had he lived, would in all probability have advanced the 
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knowledge of chemical theory to the stage which it reached more 
than a century after his death. During his short life, he antici- 
pg^ted most of the deductions of Lavoisier, who, as we shall shortly 
see, effected a revolution in the science. Guided by Boyle’s 
researches, and with a rare faculty of devising experiments admi- 
rably adapted to decide the points at issue, Mayow pointed out 
that atmospheric air consists of two kinds, one capable of sup- 
porting combustion and life, which he named “ spiriius igno-aerirs^'* 
and another, devoid of these properties. He concluded from 
his experiments that this “ spiritiis igno-aerius^’^ or to give 
it Lavoisier’s name, oxygen^ was a constituent of nitre or salt- 
petre, and was also contained in nitric acid ; that when oxygen 
combines iwith other bodies, such as metals, it increases their 
weight ; that it is the common constituent of acids, sulphuric acid 
being its compound with sulphur, and nitric acid its compound 
with the inactive constituent of air, now known as nitrogen ; and 
he also devised a method of estimating oxygen by mixing with it 
one of the compounds of nitrogen and oxygen, nitric oxidr, a process 
whieh was afterwards largely employed, and wliich has been re- 
cently revived. Lastly, he showed the function of oxygen in acid 
fermentation, and, in his “ Tractatus quingne medico-physici,'^ in 
which his investigations and conclusions are recorded, he showed 
very clearly the part played by oxygen in restoring venous blood 
to the arterial state, and in maintaining animal heat. 

But Mayow was alone in his work ; his early death cut short 
his researches ; and his contemporaries and successors did not recog- 
nise their merit. Stephen Hales, for examjile, though he pre- 
pared in an impure state carbonic acid, nitrogen, hydrogen, and 
oxygen gases, and also marsh-gas, regarded them all as modifica- 
tions of air, not as distinct gaseous substances. He ascribed to 
atn^ospheric air a chaotic nature,” inasmuch as it was found to 
be endowed with so many different properties. 

But in spite of Mayow’s correct surmises regarding the nature 
of combustion, the opinion which chemists generally held was that 
when a body was burnt something escaped from it, viz., fire or 
heat. For although it was well known that combustible sub-» 
stances do not continue to burn in a confined space, this was 
attributed not to the exclusion of air, but to the prevention of the 
escape of flame. And in spite of its having been noticed by Boyle 
and others that metals gain in weight by being calcined, yet no 
special attention was paid to the fact. So long indeed as what we 
now know to be different kinds of gases were assumed to be only 
common air containing impurities, it was impossible to account 
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for the apparent loss of weight which many combustible snbstancef? 
suffer when burnt. 

A consistent though erroneous theory of combustion, which 
served to unite in one group such apparently different processes as 
the burning of a candle and the conversion of a metal into* a 
“ calx ’* or earthy powder when it was heated in air, was first pro- 
pounded by Stahl (1660 — 1734). Stahl taught that when a 
substance burns, it loses something; this he called “phlogiston ” 
(from 0 \o 7 mTos', inflammable), which signified the common con- 
stituent of all combustible bodies. This theory, however, dates 
from before Stahl’s time ; phlogiston is identical with the “ terra- 
pinguis ” of Becher (1635 — 1682), and the idea that combustible 
bodies lost a fiery matter, a “ sulphur,” is even older tha» Becher. 
The more readily a substance burns, according to Stahl, the more 
phlogiston it contains. A substance containing much phlogiston 
was carbon, or charcoal. And when a metal had lost its phlogiston 
and had become a “calx,” it was possible to restore the lost 
phlogiston by heating it with charcoal, which would yield up to 
the calx its phlogiston, again converting it into the metallic state. 

But in the meantime the progress of chemistry was furthered 
by the discovery of many new gases, and the conviction spread 
not only that gases were not impure atmospheric air, but that 
matter was capable of existence in three forms, solid, liquid, and 
gaseous. Black (1728 — ;b799) was the first clearly to show 
(probably about 1755) that carbonic acid gas (carbon dioxide) or 
“ fixed air ” was radically distinct from ordinary air, inasmuch 
as it could combine with or be “ fixed ” by lime, magnesia, and 
the caustic alkalies, potash and soda. As acids have this pro- 
perty, Keir suggested that it belonged to the class of acids, and 
Bergmann (1735 — 1784), following Priestley’s suggestion that it 
was a constituent of air, named it “aerial acid.” It is the §rst 
substance which was named “ gas ” (from geist^ equivalent to gust ) ; 
the name is due to Van Helmont (1577 — 1644), who had noticed 
that it could be obtained by heating limestone. 

The merit of Black’s work consists in his having shown that, 
whereas limestone lost a definite weight by being calcined, its 
weight is exactly restored if the lime resulting from its calcination 
is reunited with carbonic acid gas. This was the first success- 
ful chemical experiment dealing with quantities. A complete 
investigation of “ inflammable air,” or, as it is now named, 
hydrogen gas, is due to Henry Cavendish (1731 — 1810). It is 
the gaseous substance produced when metals such as iron, tin, or 
zinc are treated with acids. Cavendish, in 1766, proved the 
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identity of the substance from whichever source it was prepared, 
and examined its properties. He found it to be exceedingly light, 
aod to burn very readily ; and it was supposed by some to be the 
long sought “ phlogiston of Stahl. Cavendish also discovered 
that its product of combustion was water. 

But the chemistry of gases, or as it was then termed “ pneu- 
matic chemistry,” was most advanced by the researches of Joseph 
Priestley (1738 — 1804). He was the first to devise a convenient 
method of collecting gases over water or mercury, and his plan is 
still used in our own day. To him is due the discovery of most 
of the gaseous substances now known, especially of oxygen gas, on 
August 1st, 1774, which he named “ vital air,” owing to its 
property *of supportinig life, or dephlogisticated air,” because it 
was the most ardent supporter of combustion, though not itself 
combustible. The discovery of oxygen was made independently 
and almost simultaneously by Scheele, a Swede (1742 — 1786), to 
whom we also owe the discovery of chlorine. 

These discoveries prepared the way for the grand generalisation 
of Lavoisier. Black, Cavendish, Priestley, and Scheele were all 
adherents of Stahl’s phlogistic theory. But Lavoisier (1743 — 
1794), having been shown the method of preparing oxygen by 
Priestley, who paid him a visit in the autumn of 1774, saw the 
grand importance of the discovery, and made the great generalisa- 
tion that, when bodies burn, they combine with this constituent of 
air, to which he gave the name oxygen. This discovery laid the 
foundation of the present science of chemistry ; the time was now 
ripe ; and in a very complete series of researches Lavoisier showed 
first : — that water cannot be converted into earth by boiling, but 
that it merely dissolves some of the constituents of the glass vessel 
in which it is boiled, leaving the dissolved matter as a residue 
after it has evaporated ; second, that when tin is heated with air 
in a closed vessel, although it is changed into a whitish-grey calx, 
yet the combined weight of the vessel and the tin remains 
unchanged ; thus showing that nothing has escaped from the tin 
or been lost from the vessel ; and that on opening the vessel air 
entered, so that the whole apparatus increased in weight ; and 
that this increase in weight was practically equal to the increase 
in weight of the tin due to its conversion into “ calx.” From this 
experiment he drew the correct conclusion that the gain in weight 
of the tin was due to its absorption of one of the constituents of 
air. Thirdly, he repeated this experiment, substituting the metal 
mercury for tin ; the red powder produced, when heated strongly, 
yielded up the absorbed gas, identical witl]^ the vital ” or 
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“ dephlogisticatecl ” air of Priestley, to which Lavoisier gave the 
name oxygen. Fourthly, he showed that organic matters yield, 
when burnt, carbonic acid and water; and that carbonic acid, 
identical with Black’s 6xed ” air, is produced by the combustion 
of carbon or charcoal. His views are stated by himself as 
follows : — 

1. Bodies burn only in pure air. 

2. This air is used up during combustion, and the gain in 
weight of the body burned is equal to the loss of weight of the aii*. 

3. The combustible body is generally converted into an acid by 
its union with pure air; but the metals are converted into 
calces or earthy matters. 

To this last statement is due the name “ oxygen,” cr “ pro- 
ducer of acids.” Up to that date, acid (from acetiiyrij vinegar) was 
the name applied to substances with a sour taste, which acted 
on calces^ producing crystalline substances, termed salts. Many 
attempts have since been made to give precision to the conception 
of the word acid ; but, however convenient the colloquial use of the 
word, it has ceased to liave a definite chemical signification. It 
Avas soon after shown that bodies may possess the defined pro- 
perties of an acid and yet contain no oxygen. 

The discoveries of Lavoisier were owing in great degree to two 
fundamental conceptions, with regard to which he held the firmest 
convictions : first, that heat vi is not a substance capable of entering 
and escaping from bodies like a chemical element, but a condition 
of matter ; and that its gain or loss implied no gain or loss of 
weight ; and second, that matter was indestructible and uncreat- 
able ; and that the true measure of its quantity was its mass, or 
weight ; hence the weight of a compound body must equal the 
sum of the weights of its constituents. 

It was many years before Lavoisier’s views gained compl^^te 
acceptance amongst chemists ; but the discovery of Cavendish in 
1784 — 85, that the only product of the combustion of hydrogen 
was water, showed the true relations of that important substance 
to oxygen, and explained many diflBculties. 

To Lavoisier, too, belongs the merit of having invented a 
systematic nomenclature, which is still retained in its main 
features; its convenience and general applicability did much to 
promote the acceptance of the theory on which it was based. 

We have traced the gradual evolution of the science of 
chemistry from the earliest speculations of the Greek philosophers 
to the end of last century. With this century opens a new era, 
which will form the subject of the next chapter. 
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Note. — The ehief works on the history of chemistry are Kopp’s Oeschichie 
der Chemie^ 1843-47 ; EntwicJcelung der Chemie in der neueren Zeit, 1873 ; 
Thomson’s History of Chemistry ^ 1830; Meyer’s Oeschichte der Chemie^ 
Leipzig, 1889 : the last is specially to be recommended. For short sketches of 
the subject, see also Muir’s Heroes of Chemistry^ and Pictou’s The Story of 
Chemistry. 
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As most of the common substances which we see around us contain 
oxygen, their composition could not her determined before it had 
been shown by Lavoisier that the phlogistic theory was untenable, 
and before the phenomena of oxidation had received tjieir true 
explanation Lavoisier himself showed the true nature of sulphuric 
acid,* viz., that it was a compound of sulphur and oxygen, and not 
a constituent of sulphur, deprived of phlogiston ; and also of 
carbonic acid,t that it was an oxide of carbon, and not carbon 
deprived of phlogiston. Those and similar discoveries of Lavoi- 
sier’s pointed the way to others, and numerous attempts were 
made to discover the composition of substances, or to analifse 
them (apnXvat^). And from the time of Lavoisier's enunciation 
of the true nature of combustion, to the beginning of the 19th 
century, many analyses were made, and confirmed in many cases 
also by synthesis ^ that is placing together ((rvi/Oetriv) the con- 
stituents of the compounds, so as to reproduce the compound 
which had been analysed. 

At that time very few accurate methods of analysis were 
known. The qucditafice composition of compounds was as a rule 
not difficult to ascertain ; but the proportions in which the con- 
stituents were contained in the compounds analysed, or their 
quantitative composition, were not accurately determined, and ^le 
results of the same experimenter often varied among themselves. 
It is therefore not to be wondered at that two views were held 
regarding the composition of compounds : one, of which Berthollet 
(1748 — 1822) was the author, and which is set forth in his Essai 
de Statique Chimique (1803) ; he regarded every compound as 
variable in composition, or, if in some cases its composition was 
found to be constant, attributed such constancy to the fact that it 
had been submitted to precisely similar conditions during its 

• The name “sulphuric acid” used to be, but is not now, applied to the 
compound of sulphur and oxygen referred to. According to present nomencla- 
ture, the acid contains in addition the elements of water. 

t See former note. 
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preparation at successive times. Berthollet held that the propor- 
tion in which elements existed in a compound depended on the 
relative amounts of the elements present during the change whicli 
led to their combination, and on other conditions such as tempe- 
imtire. The other and contrary view, that the same substance had 
always the same composition, was defended by Proust (1755 — 
1826), and the dispute, which was eagerly watched by all chemists, 
lasted from 1799 to 1808. 

But the question had already been decided by Richter 
(1762 — 1807). The law of “constant proportions,” as it is 
termed, was announced by Richter in the involved language 
of the phlogistic theory in papers which appeared between 
1792 an6, 1794. Stated in ordinary language, his discovery 
is as follows : — If two acids, Ai and A 2 , combine with two 
bases, Bi and B.^, to form compounds, AiBi, A^Bi, AJI^j and 
AoBa, the proportion by weight between Aj and A^ in the first 
two compounds is the sttme as that between Ai and A 2 in the 
second pair if the weight of Bj and also of Bo is the same in both 
cases. Or, to take a particular case : — If 80 grams of sulphuric 
acid'’*' combine with 62 grams of soda,* or with 94 grams of 
potash ;* and if 108 grams of nitric acid^^ likewise combine with 
62 grams of soda ; then 108 grams of nitric acid will combine 
with 94 grams of potash. Therefore 94 grams of potash are said 
to be equivalent (or of equal value) to 62 grams of soda in their 
power of combining with acid ; and 80 grams of sulphuric acid 
are equivalent to 108 grams of nitric acid in their power of com- 
bining with base. Richter determined and tabulated a number of 
such “ equivalent weights.” And Proust went still further. In 
1799 — 1801, he showed that tin forms two compounds with oxygen, 
in which the proportion of oxygen varies not gradually but 
suddenly; and that iron forms two similar compounds with 
sulphur ; but here he stopped. The discovery of the reason of 
definite proportions is due to Dalton ; it gave a new impetus to the 
study of chemistry, and has been, in its results, perhaps the most 
fruitful speculation of any known to science. 

John Dalton was born in 1766, at Eaglesfield, in Cumberland. 
In his younger days he was a schoolmaster at Kendal ; he went to 
Manchester in 1793 as Lecturer on Mathematics and Natural Philo- 
sophy in the New College, and afterwards acted as a private 
mathematical and chemical tutor in Manchester, giving occasional 

* These names are used in their old sense of the combinations of the ele- 
ments sulphur, nitrogen, sodium, and potassium with oxygen. See previous 
note. 
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lectures in the larger towns of England and Scotland. He inves- 
tigated the relations between the temperature and pressure of 
liquids, the expansion of gases by beat, the solubility of gases in 
liquids, and other similar subjects ; but his discoveries in chemical 
theory were those which conferred on him a world- wide fame, •and 
have exercised a lasting influence on the science. 

It was the habit of the analysts of that time, as it is now, to 
state their results in parts per 100. Thus Proust gives the 
following analyses of the compounds of copper and tin with 


oxygen 

“ Suboxide 

“ Protoxide 

“ Suboxide 

“ Protoxide 


of Copper.’* 

of Copper.” 

of Tin.” 

of Tin.” 

Metal, . . . 

8G -2 

80 

87 

78*4 

Oxygon .. 

.... 13*8 

20 

13 

^ 21-6 


100 *0 

100 

100 

100 0 


It is obvious that, from inspection of the above numbers, no 
simple relation between the amounts of oxygen in the lower and 
higher oxides oP copper, and in the lower and higher oxides of tin, 
is evident ; yet, if Proust had calculated the ratios, he might have 
guessed that the proportion of oxygen to coppei* in the second 
oxide is neaily double that in the first, viz., 13*8;21’5; and 
similarly with tin, 13 : 24. But still the analyses are not accurate 
enough to render this proportion self-evident, even if thus stated. 

It was during an investigation of two compounds of carbon 
with hydrogen, viz., marsh gas and olefiant gas, or, as they are 
now named, methane and ethylene, and two compounds of carbon 
with oxygen, carbonic oxide and carbonic acid, or, as the latter 
gas is now called, carbonic anhydride, that Dalton was led to 
investigate the subject. He found that, if he reckoned the carbon 
in each the same, then marsh gas contains just twice as much 
hydrogen as olefiant gas ; and carbonic acid just twdee as much 
oxygon as cai'bonic oxide. He then considered the proportions of 
hydrogen and oxygen in water, and of hydrogen and nitrogen in 
ammonia, and having found, first, that tvhm two elements comhine 
with each other, they do so in co7istant iiroportions hy weight, and 
second, that whe^i two elemeyds, A and B, form more than 07ie com- 
2 wmid with each other, they comhine hi simple multiple proportions, 
lie deduced the following laws to account for these facts : — 

1. Each elemefiit consists of precisely similar atoms of constant 
weight, 

2. Chemical cennpounds consist of complex “ atoms,^** which are 

* As the expression complex atom ” is a contradictory one, it was after- 
\oird8 replaced by the word “ molecule,” or httlo mrss” of atoms. 



HISTORICAL. 


17 


produced hy the union of the atoms of the constituent elements in 
simple numerical ratios* 

An example will render these statements clear. Olefiant gas 
consists of six parts of carbon by weight united with one part of 
hydrogen; marsh gas of six parts of carbon united with two parts 
of hydrogen. Similarly, carbonic oxide contains six parts of 
carbon and eight parts of oxygen; and ‘carbonic a^id,” six parts 
of carbon and 16 of oxygen. The following table shows the 


relations : — 






Olefiant Gas. 

Ratio. 

Marsh Gas. 

Ratio. 

Carbon .... 

85 *71 per cent. 

G 

75 0 per cent. 

6 

Hydrogen. , 

. 14*28 „ 

1 

25 0 „ 

2 

• 

Carbonic Oxide. 

Ratio. 

“ Carbonic Acid.” 

Ratio. 

Carbon .... 

42 *80 per cent. 

6 

27 *27 per cent 

6 

Oxygen .. 

. 57*14 „ 

8 

73-72 

16 


It is again evident here that no obvious relation exists between 
the amounts of hydrogen in marsh gas and olefiant gas, uidess 
they are compared with a uniform weight of carbon. From these 
results Dalton concluded that olefiant gas cqjQsists of one atom of 
carbon united to one atom of hydrogen, and marsh gas of one 
atom of carbon united to two atoms of hydrogen ; and, similarly, 
that carbonic oxide is composed of one atom of carbon and one of 
oxygen, and carbonic acid of one atom of carbon and two of 
oxygen. 

It necessarily follows from this conception lhat the atom of 
carbon is six times as heavy as the atom of hydrogen, and that the 
relative weights of the atoms of carbon and oxygen are as 6 to 8. 

Extending these observations to water, the only compound of 
hydrogen and oxygen then known, the following relation was 
determined ; — 


Water. Katio. 

Hydrogen 11*11 per cent. 1 

Oxygen 88*88 „ 8 


Hence Dalton concluded that water is a compound of one atom 
of hydrogen with one atom of oxygen, and that the atom of oxygen 
is eight times as heavy as the atom of hydrogen, thus bearing out 
the conclusions of his former analyses. 

Dalton then proceeded to determine the relative weights of the 
atoms of other elements by similar methods. His numbers are far 

* Dalton’s New System of Chemical Philosophy^ 1808; Thomson’s Chemistry 
1807 j also edition 1810, Vol. Ill, p. 441. 


C 
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fi’om accurate, and indeed, in the above tables, the actual numbers 
found by him have not been stated, in order to avoid confusion. 
He next arranged a number of compounds of the element^ in 
classes, according to the number of atoms contained in each class. 
Thus if only one compound of two elements was known, Dalton 
assumed it to contain one atom of each element, and named it a 
binary compound^ “ unless some cause appear to the contrary.*’ 
If two compounds were known, they were represented as A + B, 
and as A -p 2B ; the latter was named a ternary compound, 
because it contained three atoms ; and so on with quaternary, &c. 
Thus he regarded water as a binary compound, in which one atom 
of hydrogen weighing 1, and one atom of oxygen weighing 8 rela- 
tively to the hydrogen were united. Ammonia, a compound of 
nitrogen and hydrogen, was I’egarded as also composed of one atom 
of hydrogen weighing 1 and one atom of nitrogen weighing 4|-. 
Thus he constructed a table of atomic weights ; and to render his 
theory more tangible, he assigned to each element a symbol ; thus 
oxygen was O? hydrogen ©, nitrogen ©, sulphur 0, and so on; 
and the symbols of the metals consisted of circles circumscribed 
round the initial letter of the name of the metal ; thus ® stood 
for iron, @ for zinc, and so on. These symbols also stood for the 
relative weights of the atoms ; hence QO denoted water, 00 am- 
monia, •o olefiant gas, 0#0 marsh gas, and so with others. 

Now it is evident that Dalton here made a great assumption, in- 
asmuch as he had no sure basis to guide him in assigning such 
atomic weights. Let us consider his results from another point of 
view, and we shall see that another set of atomic weights might 
with equal justice have been adopted. 

Turning back to the table on p. 17, it is seen that Dalton 
assumed that the four substances, marsh gas, olefiant gas, carbonic 
oxide, and carbonic acid ” each contained one atom of carbouv But 
it is equally justifiable to assume that each of the first pair contains 
one atom of hydrogen, and each of the second pair one atom of 
oxygen. We should then have the ratio : — 


Olefiant Gas. Ratio, Marsh Gas. Ratio. 

Carbon 86 71 per cent. 6 75 0 per cent. 3 

Hydrogen... 14*28 „ 1 250 1 

Carbonic Oxide. Ratio. “ Carbonic Acid.” Ratio. 

Carbon 42 86 per cent. 6 27*27 per cent. 3 

Oxygen ... 67 14 „ 8 72*72 „ 8 


The smallest amount of carbon in combination is now found 
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to weigh three times as much as the hydrogen ; i.e. the atomic 
weight of carbon is H. And the first body would then consist of 
2 atoms of carbon and 1 of hydrogen ; while the second, marsh 
gas, would contain 1 atom of carbon and 1 of hydrogen. Similarly, 
carbonic oxide might be composed of 2 atoms of carbon and 1 of 
oxygen, while “ carbonic acid ** might consist of 1 atom of carbon 
and 1 of oxygen. 

Dalton himself was quite aware of this difficulty, as is seen by 
his remarks in the appendix to his second volume, published in 
1827. He therefore contented himself by assuming those numbers 
to be the correct atomic weights which give the simplest propor- 
tions between the numbers of atoms contained in all the known 
compounds ^f the elements. But Dalton did not possess the 
analytical skill necessary to determine the composition of the 
compounds from which such deductions were to be made. In 1808, 
Wollaston published an account of accurate experiments on the 
carbonates and oxalates of sodium and potassium, in which he 
showed that the ratio of carbonic acid or oxalic acid in one (the 
“ subcarbonate or “ suboxalate ”) to the sodium or potassium was 
half that which it bore in the other (the ‘‘supercarbonate’* or 
“superoxalate”). The work of determining the composition of 
compounds was, however, chiefly undertaken by Berzelius, pro- 
fessor of chemistry, medicine, and pharmacy in Stockholm 
(1779 — 1848). The aim of this great chemist was to forward the 
work which had been suggested by Dalton, and, by preparing 
numerous compounds and analysing them, to determine the ratios 
of the weights of their atoms. His industry was untiring, and the 
number of new compounds prepared and analysed by him almost 
incredible. But it is obvious that for the reasons stated it is impos- 
e^ble, even by comparing all the compounds which one element forms 
with (ithers, to determine which compound contains only 1 atom of 
that element. What Dalton and Berzelius really determined was 
the equivalents of the elements, that is, the proportion by weight 
in which they are capable ot combining with or replacing 1 
part by weight of hydrogen ; they had no data sufficient to enable 
them to determine what multiple of the equivalent is the true 
atomic weight. In subsequent chapters the various reasons in' 
favour of the atomic weights at present assigned to the elements 
will be discussed. We must leave the historical part of the 
subject at this point, and proceed to discuss the facts of the science, 
and to arrange the various compounds in an orderly manner. 

Assuming, then, that, for reasons to be given hereafter, the 
relative weights of the atoms are represented by the^ numbers used 

c 2 
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in this- book, the question arises, what element should be made 
the standard of comparison ? Dalton having found that, of all the 
elements investigated by him, a smaller weight of hydrogen 
entered into combination than of any other element, assigned the 
weight 1 to the atom of that element, and arranged the other 
atomic weights accordingly. Thus, according to him, the weight 
of an atom of oxygen was 8 times that ot an atom of hydrogen, 
because water, which he supposed to consist of 1 atom of each, 
was found on analysis to contain 1 part by weight of hydrogen 
combined with 8 parts by weight of oxygen. And so with the 
other elements. There are reasons which will follow in their place 
(p. 202) for believing that a number between 15 87 and 16*00 (oi 
double the number assigned by Dalton) represents Yhe relative 
weight of an atom of oxygen referred to hydrogen as unity. Bui 
it happens that the equivalents of most of the elements have 
been determined by synthesising or analysing their compounds 
with oxygen, or with oxygen and some other element. Hence ii 
appears advisable to accept the atomic weight of oxygen as 16, 
and to refer the weights of the other elements to that scale 
Until the ratio between the atomic weights of hydrogen and 
oxygen is satisfactorily determined, this appears the best course tc 
pursue ; for then the accepted atomic weights of the majority ol 
the elements need not ‘be altered to suit any proposed alteration ir 
the ratio of the accepted 'itomic weights of hydrogen and oxygen 
Moreover this plan has the great advantage that many of the 
atomic weights are whole numbers, and are therefore more easily 
remembered. It should here be noticed that if the ratio between the 
atomic weights of hydrogem and oxygen is really 1 to 15 96, ther 
by placing the atomic weight of oxygen ee^ual to 16, that o 
hydrogen is no longer 1, but 10025, for 15*96 : 16 1 : 1*0025 

A very remarkable relation between the atomic weights ©f the 
elements and their chemical and physical properties was pointec 
out by Mr. J. A. R. Newlands in 1864,* and this relation has beei 
further studied by Professors Mendel^efiff and Lothar Meyer^ 
It is briefly this. If the elements be arranged in the order of then 
atomic weights in seven double columns, those elements whicl 
resemble each other fall in the same column. It is on this principh 
that the elements and their compounds are classified in this text 
book. Such an arrangement is termed a periodic arrangement 

• Chem. Newft, July 30th, 1864; August, 1866; March, 1866; also On th 
Discovery of the Period tc LaWj Spon, 1884. 

t Annalen, SuppL, 8, 133 (1869). 

X Annalen, SiyjpL, 7, 354. 
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and the following table is named the periodic table. The letters, 
SQch as H, Li, <fec., are abbreviations for the names of the elements ; 
they are termed symbols ; and they also represent the numbers 
which precede or follow them. Thus 0 represents not merely 
oxygftn, but 16 parts by weight of oxygon ; CaO represents not 
merely a compound of calcium and oxygen, but of 40 08 parts by 
weight of calcium, and 16 parts by weight of oxygon ; CaCI* 
represents a compound of 40 parts by weight of calcium with 
2 X 35*46 parts by weight of chlorine. Such a representation of 
compounds by the symbols of the elements which they contain is 
termed a formula. 

While most of the elements are represented by the initial letters 
of their En^ish names, some of the symbols reepire explanation. 
The following is a list: — 


Na, Natrium (connected with the word nitre) Sodium. 

K, Kahum (from alkali^ an Arabic name) . Potassium. 

Cu, Cuprum (Latin) Copper. 

Ag, Argentum (Latin) Silver. 

All, Aurum (Latin) (lold. 

Hg, Hydrargyrum (Greek = w'ater-silver) Mercury. 

Sn, Stannum (Latin) Tin. 

Pb, Ptumhum (Latin) , . Lead. 

Sb, Stibium (Latin) Antimony. 

W, Wolfram, a mineral containing Tungsten . . . Tungsten 

Fe, Ferrum (Latin) Iron. 


Note. — For this portion of chemical history, Wurtz’s History of the Atomic 
Theory, London, 1880, may be consulted ; also Cook’s The New Chemistry ; 
and the works previously referred to. 
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Position doubtful. t Terbium? X Neodymium? § Praseodymium? 11 Samarium? % Erbiu'ba? 

Note, — The^tomic weights are in this table given only to the nearest half unit. 
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Table of Atomic Weights of Elements (0 = 16.). 


Aluminium .... 

Al. 

27 -01 

Nickel 

N1 

5S 6 

Antimony 

. Sb 

120-30 

Niobium 

Nb 

94 

Arsenic 

As 

75 09 

Nitrogen 

N 

11-03 

Barium 

. Ba 

137 -00 

Osmium 

. Os 

191 -3 

Beryllium 

. Be 

9-1 

Oxygen 

. 0 

16 -00 

Bismuth 

. Bi 

208 10 

Palladium 

. Pd 

106 -35 

Boron 

. B 

11 0 

Plioaphorus 

. P 

31 03 

Bromine 

. Br 

79-95 

Platinum 

Pt 

194-3 

Cadmium 

Cd 

112-1 

Potassium 

K 

39-11 

Ceesiuni 

. Cs 

J32-9 

Praseodimium . . 

. Prd 

143 6 

Calcium 

. Ca 

40 -08 

Rhodium 

Bb 

103 -0 

Carbon 

. C 

12-00 

Rubidium 

. Rb 

85 5 

Cerium. 

. Ce 

140-3 

Ruthenium 

Bu 

101 -65 

Chlorine 

. Cl 

35 -46 

Scandium 

. So 

41-1 

Chromium 

. Cr 

52-3 

Selenium 

. Se 

79 -0 

Cobalt 

Co 

68-7 

Silicon 

. Si 

28 -33 

Copper 

. Cu 

63 -40 

Silver 

Agr 

107 -930 

Erbium 

. Er 

166 

Sodium 

Na 

23-043 

Fluorine 

,. E 

19 0 

Strontium 

Sr 

87 -6 

Gullium 

.. Ga 

69 9 

Sulphur 

. S 

32 - 06 

Germanium. . . . 

.. Ge 

72-3 

Tantalum 

Ta 

182 5 

Gold 

. . Au. 

197 -22 

Tellurium 

. Te 

125 ? 

Hydrogen 

.. 11 

1 to 1 0082 

Terbium 

. Tb 

1()2 ? 

Indium 

.. In 

113 7 

Tliallium 

T1 

^ 204 -2 

Iodine 

.. I 

126 85 

Thorium 

. Th 

232-4 

Iridium 

Ir 

193-0 

Tin 

. Sn 

119-1 

Iron 

. Fe 

66 -02 

Titanium 

Ti 

48-13 

Lanthanum . . . 

. La 

142-3 

Tungsten 

. W 

184-0 

Lead 

Pb 

206 *93 

Uranium 

,. TJ 

240 *0 

Lithium 

Li 

7-02 

Vanadium 

.. V 

61 -4 

Magnesium .... 

.. Mfir 

24-30 

Ytterbium 

Yb 

173 

Manganese .... 

.. Mu 

55 -0 

Yttrium 

, , Y 

89 

Mercury 

.. 

200-2 

Zinc 

,. Zn 

65 -3 

Molybdenum. . 

Mo 

95 -7 

Zirconium 

. . Zr 

90 

Neodymium . . . 

.. Ndi 

140-8 





Solid, Liquid, Qas, 


Note . — In this table recent determinations liave been incorporated witli the 
mean results given bj Clarke (“ Constants of Nature,” Part V, 1882). It is to 
be understood that the last digit of the figures given may vary within one or 
two units. Thus zirconium == 90 means that the atomic weight is not certain, 
and may be 89'5 or 90’5 ; thallium = 204 2 leaves it uncertain wlietlier the 
true weight is 204T or 204'3 ; and so on. Where a query (?) is appended, it 
is to be understood that the weight given may be one or more units wrong. 
The standard works on the subject are by Clarke, mentioned above ; by Lothar 
Meyer and Seubert, Die Atomgewichte der Elemente ; and, as a model of 
research, by Stas, Recherches awr lea Rapporta reciproq^iiea dea Poida aiomiguea^ 
Brussels, 1860. 



Table of Metric Weights and Measures 


Measures of Length. 

1 metre = 10 decimetres = 100 centimetres = 1000 millimetres. 

1 metre = 1*00363 yard =- 3*28090 feet = 30*37070 inches. 

Lognmetres + 0 *0388701 = log yards; + 0*5150030 = log feet -f 1 *5951743 
log inches. 

Log » yards + 0*9G112i)6 = log metros; log « feel + 0*4840071 = log deci- 
metre; log w mchos + 0*4048257 ~ log centimetres. 

Measures of Capacity. 

1 cubic metro = 1000 litres = 1,000,000 cubic centimetres = 1,000,000,000 cubic 
millimetres. 

1 litre = 61*02705 cubic inches = 0*035317 cubic foot = 1*76077 pints — 
0 *22097 gallon. 

liOg n hires + i * 7855223 = log cubic inches ; + 2 *5479838 = log cubic feet ; 

-1- 0*2457026 == log pints; 4- I *3443333 = log gallons. 

JiOg n cubic inches -H 1 *2144774 * log cubic centimetres. 

Log a cubic feet + 1*4520162 = log litres. 

Log n gallons + 0 *0556667 ~ log litres. 


Measures of Weight, 

1 — weight of 1 cubic centimetre of water at 4 \ 

1 kilogram =■ 1000 grams = 100,000 centigrams = 1,000,000 milligrams. 

1 kilogram = 2 *2046213 lbs. ; = 35*273941 oz. = 15482 *35 grams. 

]jOg n kilos. + 0*3433340 « log lbs.; log n grams + 1*6474540 « log oz. ; 
+ 1 ‘1884323 » log grains. 

Log n lbs. + 1*6566660 = log kilograms; log » grains + 2 *8115677 log grama. 
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CHAPTER III. 

HYDROGEN , LITHIUM, SODIUM, POTASSIUM, RUBIDIUM, CJISIUM ; 

BERYLLIUM, CALCIUM. STRONTIUM, BARIUM ; MAGNESIUM, ZINC, 

CADMIUM; BORON, SCANDIUM, YTTRIUM, LANTHANUM, YTTERBIUM; 

ALUMINIUM, GALLIUM, INDIUM, THALLIUM. 

The elements, it has been seen, when arranged in the order of 
their atomic weights, fall into certain groups. The various 
members of these groups resemble each other in their physical and 
chemical properties, and it is therefore advisable to consider the 
members of each group in connection with each other. Tliey 
possess certain properties in common, while exhibiting individual 
peculiarities. In the following chapters, an account will be given 
of the sources of the elements, whether tlu‘y occur “free,” or 
“native,” that is, as elements, or whether combined with other 
elements in the form of compounds ; of their properties ; and of 
the methods of their preparation; but fuller details will in some 
cases be given under the heading of the compounds from which 
they are prepared. 

In the main, the order of the periodic table will be followed ; 
bntj as it is still under investigation, and the position of all the 
elements cannot be regarded as finally settled, certain elements 
will be grouped together which do not occur near each other in the 
table. 

Group I. — Hydrogen, Lithium, Sodium, Potassium, 
Rubidium, Cassium. 

Sources. — Hydrogen occurs free in the neighbourhood of 
volcanoes, owing probably to the decomposition of its compound 
with sulphur, hydrogen sulphide, by the hot lava through which 
it issues. It has also been proved by the evidence of the spectre- 
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scope (see chap. XXXV), to exist as element in the atmosphere of 
the sun, in certain fixed stars, in nebulae, and in comets. It has 
been found associated with iron and nickel in many meteorites. ^In 
combination with | oxygen, it occurs in water (hence its name 
from vhu)p^ water, I produce) in the sea, lakes, riverS, in 

the atmosphere, in many minerals ; in all organised matter, animal 
and vegetable. It is thus one of the most widely distributed and 
abundant of elements. 

Preparation. — 1. By heating its compounds with boron, 
carbon, silicon, nitrogen, phosphorus, arsenic, antimony, sulphur, 
selenium, tellurium, iodine, or palladium to a red heat ; or with 
oxygen, chlorine, or bromine to a white heat (see these com- 
pounds). « 

2. By the decomposition of its compounds dissolved in water 
by an electric current (see p. 62). 

8. By displacing it from these compounds by means of certain 
metals. The most usual methods of preparation are by the action 
(a) of sodium on water (oxide of hydrogen, see p. 192) ; (6) of 
iron on gaseous water at a red heat (see p. 255) ; or (c) of zinc on 
dilute sulphuric or hydrochloric acid (see pp. 415, 112). 

Method (a). Ajar is filled with water, covered with a glass plate, and in- 
verted in a trough of water as shown in figure 1. A piece of the metal sodium 



Fig. 1. 


not larger than a pea is placed in a spoon made of wire gauze, which is passed 
qu’ckly under the water beneath the jar, when the hydrogen evolved passes in 
bubbles into the jar. The sodium melts, moves about, and displaces hydrogen 
from the water. Other small fragments are successively introduced into the 
spoon until the jar is full. (Note. — Large pieces must not be used, else an ex- 
plosion may ensue.) 

Method (6). A piece of iron gas-pipe, of |-inch bore, is filled locrsely with 
iron turnings, and closed by stoppers made of asbestos cardboard moistened 



HYDROGEN. 


with water, and moulded round glass tubes, placed as shown in figure 2. The 
iron tube is then heated in a gas furnace, and the water m the flask is boiled. 
The iron combines with the oxygen of the steam, setting free the hydrogen, 
which may be collected in a jar as shown in the figure. 



Fig. 2. 


Method (c). A flask or bottle, as shown in figure 3, is provided with a cork 
and delivery tube. Some granulated zinc, prepared by pouring melted zinc into 
water, is placed in the flask a ; and a mixture of one volume of hydrochloric acid 
and four volumes of water, or of one volume of oil of vitriol (sulphuric acid),* 
and eight volumes of water, is poured through the funnel B. Bubbles begin to 
appear on the surface of the zinc, and the liquid effervesces. A few minutes 
must be allowed, so that the hydrogen may displace the air from the bottle. It 
can then be collected in jars. The zmc displaces the hydrogen from its com- 



Fig. 3. 

pound with chlorine in hydrochloric acid, or from its compound witli 
sulphur and oxygen in sulphuric acid. The substances produced are named zinc 
chloride, or zinc sulphate, according as one or other acid has been used. 

* If sulphuric acid be used, sulphur dioxide and hydrogen sulphide are 
produced if the proportion of water be not a large one.-— CAem. Noc., 63, 54. 
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Properties. — A colourless, odourless gas ; the lightest of all 
know^i bodies. As it is nearly fourteen and a half times as light 
as air, it may be poured upwards from one jar into another ; on if 
a light jar or beaker be suspended mouth downwards from the 
arm of a balance, and counterpoised, and hydrogen be poured into 
it from beloWy that arm of the balance rises, the heavier air being 
replaced by the lighter hydrogen. Balloons used to befilled with 
it ; but coal gas is now employed. It burns in airJjbmbining 
with oxygen to form water, and when mixed with air (about 
2^ times its volume) the resulting mixture is explosive (see p. 
192). It is sparingly soluble in water; 100 volumes of water 
absorb 1*93 volumes of hydrogen gas. It is not poisonous, but 
cannot be respired for any long time, as t!ie oxygen of the air, 
which is necessary for the support of life, is thereby excluded. 
Owing to the rate at which it conveys sound, speaking with 
hydrogen gives a curious shrill tone to the voice. It has never 
been condensed to the liquid or solid states. Cailletet, and also 
Pictet, who claim to have condensed it by cooling it to a very low 
temperature,* and at the same time strongly compressing it, had 
lu their hands impure gas. Its critical temperature, above which 
it cannot appear as liquid, is probably not above —230°. 

It unites directly with the halogens ; with oxygen and with 
sulphur ; also with carbon at a very high temperatui'e ; and with 
potassium and sodium. ' It is absorbed by certain metals, notably 
by palladium, which can be made to take up 900 times its own 
volume (see p. 576). From this its density and its specific heat in 
the solid state have been calculated .f 

Lithium, sodium, potassium, rubidium, and caesium are 
always found in combination with chlorine, or with oxygen and 
the oxides of other elements such as silicon, carbon, boron, sulphur,, 
phosphorus, &c. ; they never occur free. They are named “ m,etals 
of the alkalies.” 

Sources. — Lithium occurs as silicate in lepidolite and petalUte ; 
as phosphate in triphylline ; as chloride in many mineral waters, 
especially in the Wheal-ClifPord Spring, near Eedruth, in Cornwall ; 
in sea- water ; and in many soils, whence it is absorbed by plants, 
tobacco-ash, for example, containing about 0*4 per cent. Its com- 
pounds are usually prepared from lepidolite. 

Sodium forms, in combination with chlorine, common salty or 
sodium chloride ; it occurs in deposits in Chili and Peru as nitrate 
and iodate, in which its oxide is combined with the oxides of nitrogen 
♦ Comptes rend.y 98, 304. 

t Ihid.y 78, 968 j also Fhil. Mag, (4), 47, 324. See Palladium, 
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and iodine respectively ; as sulphate in mineral springs ( Glauber^ s 
salts) ; as silicate in soda-felspar or alhite ; and as fluoride along 
with aluminium fluoride in cryolite; as borate in certain American 
lakes. It is obtained as carbonate by incinerating sea-plants. 

Potassium is found as chloride in mineral deposits at Stass- 
furth, in Germany; the mineral is termed sylvin; as nitrate 
{saltpetre^ nitre) ^ forming an incrustation on the soil in countries 
where rain seldom falls ; and as silicate in many rocks, chiefly in 
ptotash felspar and mica. It is abundant and very widely dis- 
tributed, being a constituent of every soil. It remains as car- 
bonate on burning to ash all kinds of wood, hence its name, 
from “ pot-ash.” 

Rubidmm and Caesium are widely distributed, but occur in 
small amount. They are contained in lepidolitCj along with lithium 
and potassium, as vsilicates ; also in castor and pollux, two rare 
minerals, found in the Isle of Elba. They also occur in some 
mineral waters, particularly in a spring at Diirkheim, in the 
Bavarian Palatinate, from which they were first extracted by 
Bunsen, their discoverer, in I860. They are widely distributed in 
the soil, and are absorbed by some plants to a considerable extent. 
Thus the ash of beetroot contains 1*75 per mille of rubidium. 

Preparation. — These metals are prepared : I. By passing a 
current of electricity through their fused hydroxides, chlorides, 
or cyanides. It was in this way that Davy,* in 1807, obtained 
potassium and sodium from their hydroxides, which up to that 
date had not been decomposed ; the electrolysis of lithium chloride 
is still the only method of preparing lithium ; and Setterberg,t in 
1881, prepared considerable quantities of rubidium and caesium by 
electrolysing a fused mixture of their cyanides with cyanide of 
barium, using as poles strips of aluminium. 

Tc prepare lithium, which may serve as a type of this kind of operation, 
about 30 grains of lithium chloride are melted over a Bunsen flame in a nickel 
crucible ; when the chloride is quite fused, a piece of gas carbon (the sticks of 
a Jablochkoff candle answer well), is connected with the positive pole of four or 
six Bunsen or Grove cells ; and a knitting-needle, passing through the hole in the 
stem of a tobacco pipe, made into a shallow cup at its broken end, is connected 
with the negative pole ; these are dipped in the fused chloride ; and when a bead 
of lithium as large as a small pea has collected on the negative electrode, the fused 
chloride is allowed to cool, and the bead plunged into rock oil. The bead of 
lithium is then scr^iped off with a knife, and the process repeated, until a suffi- 
cient quantity has been collected. 


* Fhil. Trans., 1808, 1 ; 1809, 39 j 1810, 16. 
t Annalen, 211, 100. 
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2. Sodium, potassium, and rubidium may be prepared by dis- 
tilling the hydroxides with carbon.* The carbon unites with the 
oxygen of the hydroxide, while the hydrogen is liberated atid 
comes olf as gas. (A hydroxide, it should be here explained, is a 
compound of oxygen with hydrogen and with a metal.) The 
industrial preparation of sodium is thus carried out (see Chapter 
XXXVIII, p. 651). 

Properties. — These elements are all white metals, so soft at 
the ordinary temperature that they can be cut with a knife, but 
brittle at low temperatures ; they are malleable, and may be 
squeezed into wire by forcing them through a small hole by means 
of a screw-press ; they may be welded by pressing clean surfaces 
together ; they melt at moderate temperatures, and ai^e all com- 
paratively volatile; hence, lithium excepted, they may be distilled at 
a bright red heat from a malleable iron tube or retort. They are 
all lighter than water; lithium, indeed, is the lightest solid known. 
Each imparts its special colour to a Bunsen or spirit flame ; thus 
compounds of lithium give a splendid crimson light ; of sodium 
a yellow light; potassium compounds colour the flame violet; 
rubidium red, hence the name of the metal (from ruhidus) ; and 
coesium blue (ccenus), (See Spectrum Analysis, Chapter XXXV.) 
Potassium vapour is green, and sodium vapour, violet. These ele- 
ments crystallise, when njelted and cooled, in the dimetric system. 

They all combine readily with the elements chlorine, bromine, 
iodine (these elements are termed the “halogens”), oxygen, 
sulphur, phosphorus, &c., with evolution of light and heat ; and 
they all decompose water at the ordinary temperature, liberating 
hydrogen (see p. 26). 


Physical Properties, 



Mass of 1 cub. cent. 




r 


Density, 

Melting- 


Solid. 

Liquid. Gas, 

H = 1. 

point. 

Hydrogen 

.. 0*62—0 -eat 

0-025J 00000896 

1 

Below —230* 

Lithium . . 

0*59 

? 

? 

00 

Sodium. . . . 

0-985 

? 

12 -75 

95*6^ 

Potassium 

0-865 

? 

18*85 

62*5® 

Rubidium 

1-50 

? — 

? 

38*5 

Csesium . . . 

1-88 

? 

? 

26—27° 


* Castner, Chem. News^ M, 218. 

t Deduced from the mass of 1 c.c. of its alloy with palladium, 
t At 0®, under a pressure of 275 atmospheres j deduced from the density of 
a mixture of 1 volume of hydrogen with 8 vols. of carbonic anhydride. 
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Boiling- Specific Atomic Molecular 

point. Hoat. Weight. Weight. 

Hydrogen Below —230° (Gas) 2 •411 1*0025 ? 2*0 

• (Solic^^ 5 88 

Lithium ? 0 941 7 *02 — 

Sodium 742° 0*293 23 04 23 04 

Potassium 667° 0 166 89*14 39*14 

Rubidium ? ? 85 *5 — 

CeBsium ? ? 132 *9 — 


Group II. — Beryllium or Glucinum, Calcium, 
Strontium, Barium. 

These metals, like those of the previous Rroup, always occur in 
nature in combination, never in the metallic state. They are 
found combined with silicon and oxygen, as silicates ; with carbon 
and oxygen, as carbonates ; with sulphur and oxygen, as sul- 
phates ; and with phosphorus and oxygen, as phosphates. Calcium 
is also associated with fluorine and with chlorine. They are named 
“ metals of the alkaline earths.” 

Sources. — Beryllium is a somewhat rare element. Its most 
common sources are : beryl, a silicate of beryllium and aluminium, 
a pale greenish- white mineral, which, when transparent, and of a 
pale sea-green colour, is named aquamarine; and when bright 
green, emerald (the green colour is due to the element chromium) ; 
phenacite, also a silicate of beryllium ; and chrysoberyl, a compound 
of the oxides of beryllium and aluminium. 

Calcium is one of the most aVmndant elements. Its carbonate 
when pure and crystalline is named Iceland-spar or calc-spar ; 
earthy and less pure varieties are limestone, chalk, and marhl^. When 
associated with magnesium carbonate, the mineral is named dolo- 
mite. Calcium sulphate is named gypsum, selenite, and anhydrite, 
according to its state of aggregation. Its phosphate, in which it 
is (Combined with phosphorus and oxygen, is named phosphorite or 
apatite. The fluoride is named fluor- or Derby shire- spar ; and its 
chloride is a constituent of sea-water and many mineral waters. 
Most natural water contains hydrogen calcium carbonate (bi- 
carbonate) in solution. 

Strontium, like calcium, occurs as carbonate, in strontianite, 
and as sulphate in celestine. Its name recalls the source in 
which it was first found — Strontian, a village of Argyllshire, in 
Scotland. 

Barium also occurs as carbonate, witherite; and as sulphate, 
barytes or heavy -spar, so named from its high specific gravity. 
Hence the name of the metal, from jiapw^ heavy. 
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Preparation. — Beryllium, the chloride of which volatilises 
at a red heat, may for that reason be prepared from that compound 
by passing its vapour over fused sodium contained in an iron boaj:.* 
The sodium combines with the chlorine, which leaves the metal as 
such. Sodium reacts with cold water, while beryllium does hot ; 
hence the sodium may be removed by treatment with water. 

Barium, strontium, and calciumf are best prepared by passing 
a current of electricity through their respective chlorides, fused in 
a porcelain crucible over a blowpipe, using a carbon rod (see 
lithium) as one electrode, and an iron wire as the other. Solutions 
of the metals in mercury are -easily made by electrolysing strong 
solutions of the chlorides of the metals, using mercury as the 
negative electrode. Barium amalgam crystallises oat of the 
mercury; it may be collected, and after washing it with .cold 
water and drying it, the mercury can be distilled off in a vacuum, 
leaving the barium as a yellowish-white metallic powder, still, 
however, containing mercury. Another method of preparing an 
amalgam of mercury and barium (alloys of mercury are termed 
“amalgams”) is to shake up sodium amalgam with a strong 
solution of barium chloride. The sodium combines with the 
chlorine, leaving the barium in the mercury. Amalgams of 
strontium and calcium cannot be made in this manner. 

Properties. — Beryllium and calcium are white metals ; the 
other two have a yellov.‘\inge. They melt at a bright red heat, 
oxidising in presence of air. Calcium and beryllium are brittle ; 
strontium and barium malleable. They are all heavier than water. 
The compounds of the last three impart characteristic colours to a 
Bunsen flame, and have well-marked spectra (see Chapter XXXY). 
The chloride of calcium tinges the flame brick-red ; of strontium, 
bright crimson-red like lithium ; and of barium, pale-green. The 
metals have not been volatilised. They unite readily with the 
halogens, with oxygen and sulphur, and with phosphorus. 
Beryllium does not decompose water unless boiled with it ; the 
others act on it at the ordinary temperature, with evolution of 
hydrogen. 

Physical Properties. 

Mass of 1 cub. Melting- Specific Atomic 


cent, solid. point. Heat. Weight. 

Beryllium, ... 1 *85 at 20® Eed beat Variable 9 *1 

(above 1230°). (See Appendix). 

Calcium 1*68 Bright red 0*167 40.08 

Strontium.... 2*54 Bright red ? 8'^’5 

Barium 4 *0 White ? . 137 '00 


* CAem. J^em, 42, 297. 


t Annalen, 188, 367. 
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Appendix. — The specific heat of bervllium varies greatly with the tempera- 
ture. The following results were found by Ilumpidge.* 

Teipperature ' 0” lOO'’ 200° 306° 400° 600° 

Specific Heat . . 0*3750 0*4702 0*6420 0*5910 0*6172 0*6206 

Group III. — Magnesium, Zinc, Cadmium. 

Sources. — These three metals are never found native. All 
three occur as carbonate and as silicate; and the two latter as 
sulphide. Magnesium sulphide is decomposed by water ; hence 
its non-occurrence in nature. Magnesium occurs also in consider- 
able quantity as sulphate (Epsom salts), in sea- water, and in many 
mineral sprjings. Its native compounds are named as follows : — 
Magnesium carbonate, magnesite ; double carbonate of magnesium 
and calcium, dolomite ; it occurs in great rock masses in the range 
of hills in the Italian Tyrol named the Dolomites. There are 
many silicates of magnesium and other metals. Among the more 
important are talc, steatite or soap-stone (French chalk), serpentine, 
and meerschaum, Augite, hornblende, asbestos, olivine, and hiotite 
(a variety of mica) are also rich in magnesium (see Silicates, p. 313). 
OarnalUte, a chloride of magnesium and potassium, is found at 
Stassfurth. The commercial sources of metals are named “ores.’^ 
The ores of zinc are : — Calamine, zinc carbonate ; silicious cala- 
mine, the silicate; and blende, or ‘‘Black Jack,” the sulphide. 
Cadmium always accompanies zinc ; the only pure mineral con- 
taining it is greenocldte, cadmium sulphide. The name magnesium 
is derived from the town of Magnesia, in Asia Minor. Its oxide 
is sometimes called magnesia alba, from its white colour. The 
word zinc is perhaps connected with the German equivalent 
for tin, Zinn. “ Cadmium ” is adopted from the name given by 
Pliny to the sublimate found in brass-founders* furnaces (cadmia 
fornamm ) . 

Preparation. — Magnesium is prepared like beryllium ; dried 
carnalUte, a double chloride of magnesium and potassium com- 
bined with water, is heated with sodium. The sodium unites 
with the chlorine, removing it from the magnesium, which is set 
free. 

The mixture is heated in large iron crucibles to a high temperature. When 
the reaction is over, the crucible is allowed to cool, and the contents chiselled 
out. Small globules of magnesium are disseminated throughout the fused 
mass, and at the bottom of the crucible is a mass of magnesium embedded in 


* Froc. Roy, Soc,, 39, 1. 


D 
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jluxy as the fused chlorides are termed. The salt with the globules of mag- 
nesium is transferred to a crucible, A, the bottom of which is perforated, as shown 
in the figure, and a tube, b, passes through the bottom, reaching up to near the 
top of the crucible. The lid is then Juied on (f.e., fastened on by clay), the 
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top of the tube having been closed by a wooden plug. When the temperature 
rises to bright redness, the magnesium rises in vapour, and distils down the 
centre tube, condensing on the lower portion, whence it drops into heavy oil. 
Hence the old term for th^^-process — “ distillatio per de^censum ” 

Zinc is produced by distilling its oxide with coke (carbon) in 
clay cylinders. The carbon unites with the oxygen, setting free 
the zinc, which distils over. 

The old English method of extracting zinc from its oxide used to be carried 
out in apparaUis like that employed in making magnesium. The roasted zinc 
ore, consisting of oxide of zinc, was mixed wdth coke or anthracite coal (carboti), 
and placed in clay crucibles, similar in construction to the iron one shown in 
Eig. 4. On raising the temperature to bright redness, the zinc distils over, and 
drops through the tube wdiich passes through the bottom of the furnace. 

The Belgian process, which is now all but imiversally adopted, consists in 
distilling the zinc ore with coke from clay cylinders, arranged in tiers. The 
zinc condenses in conical tubes of cast iron or iron plate, which fit the mouths 
of the cylinders, and are made tight at the joint by a luting of clay. When 
the operation is over, these tubes are removed, and the zinc, which forms a 
crust adhering to their interiors, is chiselled off. 

Cadmium accompanies zinc, and as ifc boils at a lower tempe- 
rature, the first portions which distil over contain it. 

Properties. — These three metals are all white. Zinc, however, 
has a bluish tinge, and cadmium a yellow tinge. Of the three, 
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magnesium is the hardest, and cadmium the softest ; it may he cut 
with a knife, hut with difficulty. Magnesium and zinc are mallo- 
iihle and ductile at a moderately high temperature (zinc at 120°), 
hut are brittle at the ordinary temperature. Zinc is also brittle at 
200°, and may he easily powdered in a hot iron mortar. Those 
metals may all be distilled, cadmium most easily, and magnesium 
at the highest temperature. They are all heavier than water. 
They combine directly with the halogens ; they burn when heated 
in air, combining with its oxygen. Magnesium gives out a brilliant 
white light, and it is prepared in the form of ribbon, wire, or dust 
for signalling, pyrotechnic, and photographical purposes. Zinc 
burns with a light blue -green flame, and cadmium with a dull 
flame; they* tarnish very slowly in air. They also unite directly 
with sulphur, phosphorus, &c. When boiled with water, mag- 
nesium and zinc slowly decompose it, hydrogen being evolved. 
Cadmium is without action on water except at a red heat. 


Physical Properties. 


Magnesium . . . . 

Mass of 1 c c 
Solid. 

.... 1-743 

Zinc 


Cadmium ...... 

8-6 

Magnesium 

Boiling-point 
at 760 mm. 

, . . About 1000° 

Zinc 

. . , 930'* to 942° 

Cadmium 

. . . About 770° 


Density, Melting- 

H =» 1. point. 

? 700—800*" 


CO 


412° 

52-15 


315° 

Specific 

Atomic 

Molecular 

Heat. 

Weight. 

Weight. 

0-250 

24 -30 

24-30 

0-095 

65 -43 

65 -43 

0-056 

112-1 

112*1 


Group IV. — Boron, Scandium, Yttrium,^ Lantha- 
num,* Ytterbium.* 

These elements are never found in the free state. They all 
exist in nature in combination with oxygen, and other oxides. 

Sources. — Boron issues from the earth as hydroxide, or 
boracic acid, along with steam in the neighbourhood of vol- 
canoes. The hydroxide also occurs as sassolite; its other sources 
are tincal or native borax, in which its oxide is combined with 
oxide of sodium and with water (the beds of certain dried up 
American lakes contain enormous quantities of borax) ; boracite, 
boron oxide with magnesium oxide and chloride ; boronatrocalcite, 

* It is doubtful if these metals belong to this group. 

* D 2 
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boron oxide, calcium oxide, and sodium oxide ; and datoUte, boron 
and silicon oxides with calcium oxide. 

The remaining elements of this group are usually associ^^ted 
with cerium, didymium, erbium, terbium, samarium, &c., as 
oxides, in combination with oxides of silicon, niobium, tantalum, 
titanium, and other elements. The minerals containing them 
are named euxenite^ orthite, colmnhite, gadoUnite, yttrotantalite, 
samarskite, and cerite. They have been found chiefly at ArendaT 
and Hitterd, in Norway, and in Connecticut, U.S. 

Preparation. — Boron is obtained by heating with metallic 
sodium the compound which its fluoride forms with potassium 
fluoride ; or by heating its oxide with potassium, or better, with 
magnesium dust. The fluorine or oxygen combines wiih the potas- 
sium or magnesium, leaving the boron in the free state. It was 
by the latter method that it was first prepared in 1808 by Gay- 
Lussac and Thenard, and later by Deville and Wohler.* 

Metallic scandium has not been prepared. 

Yttrium was prepared in an impure state, mixed with erbium, 
by Berzelius, by the action of potassium on the impure chloride. 
It was a greyish-black lustrous powder. 

Lanthanum has been prepared by passing a current of 
electricity through its fused chloride (see Lithium). 

Metallic ytterbium has not been obtained. 

Properties, — Boro^^us a brown amorphous (^.e., non-crystalline) 
powder, which has not been melted even at a white heat. It is 
insoluble in all solvents which do not act on it chemically. It was 
for long supposed possible to crystallise it from molten aluminium ; 
the resulting black crystals, however, are not pure boron, but a 
compound of boron and aluminium. Yellow crystals, obtained by 
Wohler and Deville, and also supposed by them to be pure boron, 
consist of a compound of boron, carbon, and aluminium. Tl\e mass 
of 1 c.c. of pure boron has not been determined. Boron combines 
with the oxygen and nitrogen of air, burning to oxide and nitride. 
It is one of the few elements which combine directly with nitrogen. 
It is also attacked by chlorine and by bromine. Lanthanum is 
the only one of these elements which has been prepared in a 
compact state. It resembles iron in colour ; is hard, malleable, 
and ductile. It melts at a lower temperature than silver (below 
1000°), and bums with great brilliancy when heated in air; its 
specific gravity is 6*05 at the ordinary temperature. 

The specific heat of boronf undergoes a remarkable change as the tempera- 
ture is raised. The following results were obtained by Weber : — 

* AnnaUs (3), 62 , 63. .f FML Mag, (4), 49 , 161, 276. 



ALUMINIUM, GALLIUM, INDIUM. 


37 


Temperature .. ‘40° +27* 77° 126* 177* 233° 

Specific Heat . . 0T915 0-2382 0*2737 0*3069 0*3378 0 *3663 

, In this it resembles beryllium, carbon, and silicon. 

Group V.— Aluminium, Gallium, Indium, Thallium, 

These elements are found only in combination. The sources of 
aluminium are its oxide, corundttm ; when coloured blue, probably 
by cobalt, it forms the precious stone the sapphire^ and when red, 
coloured by chromium, the ruhy. Associated with iron oxide, it is 
named emery. Silicate of aluminium is a constituent of many 
rocks ; it exists in felspar, hornhlende, mica, and numerous other 
minerals. Mhina clay or kaolin is a slightly impure silicate of 
aluminium (see Silicates). The mineral cryolite, found in Green- 
land, is a fluoride of aluminium and sodium. Tho sulphide of 
aluminium is decomposed by water ; hence its non-occurrence in 
nature. 

The other three elements of this group occur as sulphides. 
Gallium and indium are found in extremely minute amount in 
some zinc ores ; thallium is contained in some specimens of ^Vor^ 
pyrites (disulphide of iron) and copper pyrites. Zinc sulphide, oi 
blende, from the Pyrenees, contains about 0*002 per cent, ol 
gallium ; the zinc ores from Freiberg, in Saxony, about 0*05 to OT 
per cent, of indium. 

Preparation. Aluminium is prepared : — 

1. By passing the vapour of its chloride over heated sodium 
the sodium unites with the chlorine, while the aluminium remains 
in the metallic state. 

2. By heating its oxide mixed with carbon to an enormously 
high temperature in the electric arc.f The oxide is thus decom- 
'posed, and the carbon unites with the oxygen, while the metal is 
left This process is better adapted for preparing the alloys uf 
aluminium than the metal itself. 

3. By heating with metallic sodium cryolite, the double 
fluoride of aluminium and sodium, previously fused with salt.J 

Gallium§ is prepared by passing a current of electricity 
through a solution of its oxide in caustic potash. 

Indiumjl may be obtained by passing a stream of hydrogen 

* Wohler, Annalen, 37 , 66 ; Deville, Annales (3), 43 , 5, and 40 , 415. The 
literature on this subiect is now very large. 

t Chem. News, 1889, 211, 225, 241. 

Brit. Assen., 1889. 

§ Comptes rend., 82 , 1098 ; 83 , 636. 

)1 J. praht. Chem., 1863, 89 , 441 ; 92 , 480 j 94 , 1 ; 96 , 414; 102 , 273. 
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gas over its oxide heated to a high temperature ; the hydrogen 
combines with the oxygen, producing water, and the indium ia 
left; or by heating its oxide with sodium; or by removing chloijine 
from indium chloride by placing metallic zinc in a solution of 
that substance. 

Thallium’’^ is most easily obtained by heating its chloride to a 
red heat with potassium cyanide, a compound of carbon, nitrogen, 
and potassium. The potassium removes the chlorine, forming 
potassium chloride ; cyanogen, a compound of carbon and nitrogen, 
escapes as gas ; and thallium remains behind as fused metal. 

Properties. — Aluminium, gallium, and indium are tin-white 
metals, while thallium has a duller lustre, resembling that of lead. 
These metals are moderately malleable and ductile. Indium and 
thallium are soft, and may be cut with a knife ; aluminium and 
gallium are hard. Thallium and its salts impart a magnificent 
green colour to the flame of a Bunsen’s burner ; indium burns with 
a violet light ; aluminium and gallium do not volatilise sufficiently 
easily to colour the flame. 

All these elements unite readily with oxygen at a red heat; 
aluminium and thallium become tarnished in air at the ordinary 
temperature. They also combine directly with the halogens and 
with sulphur. They are not acted on by water at the ordinary 
temperature, but decompose it at higher temperatures, combining 
with its oxygen. 

Aluminium is contained in alum, hence its name ; gallium was 
discovered in 1875 by the French chemist, Lecoq de Boisbaudran, 
and patriotically named after Gaul ; indium derives its name from 
the blue line in its spectrum (from “ indigo ”) ; and thallium was 
named by its discoverer Crookes, from 6a\\6^, a green twig, in 
allusion to the green colour it imparts to the flame. 

Of these elements aluminium is the only one which has ^ound 
a commercial use ; the barrels of opera glasses, telescopes, and 
optical instruments are made of it ; and, alloyed with copper, it is 
employed for cheap jewellery, under the name of “ aluminium 
bronze.” Of recent years its manufacture has been greatly in- 
creased, and in the near future it will rank as one of the commoner 
metals. 

The metals beryllium, magnesium, zinc, cadmium, lanthanum, didymium, 
cerium, and aluminium used to be classified together as “metals of the earths; “ 
the so-called earths being their oxides, which are insoluble in water, and hence 
have not an alkaline reaction like those of calcium, strontium, and barium. 


* Chem. News, 8, 193* 303 ; JProc. JRoy. Soc., 12, 150. 
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Aluminium. . 
Glallium . . . . 


Indium .... 
Thallium .... 


Physical Properties, 


Mass of 1 c.c. 
Solid. 

2 -583 at 4° 
5 -91 at 23° 


Melting- Specific 

point. Heat. 

About 700° 0 *2253 from 0° to 

100 ° 

20*5° Solid 0 -079 from 
12° to 23° 


Atomic Molecular 
Weight. Weight. 
27*01 27-01 

69*9 69*9 


Liquid 0-080 from 
106° to 119° 

7 -42 at 16 *8° 176° 0*0565 to 0-0574 113*7 — 

11 *9 290° 0 *0336 204 *2 204 *2 to 

408 *4 


APPENDIX. 

The equations expressing the preparation of the foregoing elements are as 
follows ; 

Hydrogen. — (1) 2H2O = 2H2 + O2. 

(2) 2H2O + 2Na = 2NaOH + H2 

(3) 4H2O + 3Fe = ¥6304 4- 4n2. 

(4) H2SO4 + Zn = ZnS04 + H2. 

Lithitm, ^c. — 2L1CI = 2Li + Clo. 

Sodium and Fotasniim. — 2NaOH + 2C — 2Na + 2CO + Ho. 

2KOH + 20 = 2K 4- 2CO 4- H2. 

Beryllium. — BcCl2 4- 2Na = Bo 4- 2NaCl. 

Calcium^ Strontium^ and Barium . — BaClo = Ba + CI2. 

Magnesium.— 4 - 2Na = Mg V 2NaCl + XCl. 

Zinc, Cadmium . — ZnO 4 - C = Zn 4 - CO. 

CdO + C = Cd 4- CO. 

Boron . — (1) BCI3 4- 3Na = B 4- 3NaCL 

(2) KF.BF3 4- 3Na = B KF -H 3NaF ; 

(3) B2O3 4- 3Mg = 2B -h 3MgO. 

Aluminium. — (1) AICI3 4- 3Na = A1 4- SNaCl." 

(2) AI2O3 4- 3C = 2A1 4- 3CO. 

(3) AlFs.SNaF 4- 3Na = A1 4- 6NaF. 

} allium. — 2Ga203 = 2Ga 4- 3O2. 

^ndium. — (1) InoOs + ^1^2 = + 3H2O. 

(2) 2InCl3 4- 3 Zn = 2In 4- 3ZnCl2. 

Thallium.— 2H\C\ -f 6KCN = 2T1 4- 6KC1 4- 3(CN)2. 
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CHAPTEE IV. 

THE ELEMENTS (continued). 

GROUP VI, THE CHROMIUM GROUP; GROUP VIT, THE CARBON GROUP; 

GROUP VIII, THE SILICON GROUP. 

Group VI. — Chromium, Iron, Manganese, Cobalt, 

Nickel. 

The elements of this group are not, generally speaking, asso- 
ciated in the periodic table, yet they closely resemble each other ; 
and it is convenient to consider them together. 

Sources. — They invariably occur in combination with oxygen, 
when of terrestrial origin. Certain meteorites, however, consist 
largely of metallic iron and nickel with a little cobalt and a trace of 
hydrogen. Common proportions are 90 per cent, of iron, 9 per 
cent, of nickel, and 1 per cent, or less of cobalt. 

The chief ore of chromium is chrome iron ore^ or chromite ; it 
is a compound of oxygen with chromium and iron (see Chromium, 
oxides, p. 254). It is found in Silesia, Asia Minor, Hungary, 
Norway, and N. America. The green colour of the emerald and 
serpentine is due to traces of chromium. 

Compounds of iron are very numerous in nature. Its oxide^, 
when found native, are named: — Hcematiie, of which varieties 
are termed specular iron ore, hidney ore, and titaniferous ore 
(these occur largely in Cumberland, also in the south of Spain) ; 
combined with water, gothite, brown iron ore, hog iron ore, and 
ahe ore, the latter of which are named from their sources : 
they are found in Northamptonshire, the Forest of Dean, and 
Glamorganshire ; magnetic iron ore, magnetite or loadstone, an 
oxide of a different composition (see p. 255) : it does not 
occur largely in England, but is worked in Sweden ; the largest 
deposit of iron ore in the world consists of magnetite : it occurs in 
Southern Lapland, but is as yet inaccessible. Spathic ore, or car- 
bonate of iron, is a white crystalline substance when pure, but is 
usually interstratified and mixed with clay or shale, when it is 
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termed clay-band'' or black-hand." Spathic ores occur in 
Durham, Cornwall, Devon, and Somerset ; clay iron-stone in the 
coaj-measiires in Staffordshire, Shropshire, Yorkshire, Derbyshire, 
Denbigh, and South Wales; while black-band is mined largely in 
the Clyde basin, in Scotland. 

Iron occurs in combination with sulphur as 'pyrites ; it is very 
widely distributed ; perhaps the largest sources are in the south 
of Spain. At Rio Tinto this ore is worked, not for the iron 
which it contains, but for its copper (about 3 per cent.) and its 
sulphur. Iron is also a constituent of most rocks and soils : it is 
one of the most abundant as well as one of the most widely dis- 
tributed of elements. 

Mangaaese is nearly always found associated with iron, in 
combination with oxygen. Its most important source is pyrolusite 
or black oxide. Other manganese minerals are hraunite and haus- 
mannite, also oxides ; manganite^ psilomelane^ and wad, compounds 
of oxides and water ; manganese-spar, the carbonate ; it also occurs 
in combination with silicon and oxygen as silicate, and with sulphur 
as sulphide. 

Cobalt and nickel are almost invariably associated. AvS 
already mentioned, they accompany iron in some meteorites in the 
state of metals. Cobalt occurs as smaltite or tin- white- cobalt, in 
combination with arsenic; and as glance- cob alt, in combination 
with arsenic and sulphur. 

The chief ore of nickel is the oxide and the double silicate 
of nickel and magnesium, large quantities of which are now im- 
ported from New Caledonia, a French convict settlement north-east 
of Australia. It is found on the continent of Europe chiefly as 
the arsenide, a compound of nickel and arsenic named Kupfer- 
nickel or copper -nickel, from its red colour resembling copper ; it is 
also called niccolite. The sulphide, or capillary pyrites, also occurs 
native. 

Preparation. — These metals in an impure state may all be 
prepared by reducmg (i.e., removing oxygen from) their oxides by 
means of carbon. Iron and nickel are prepared for commercial 
purposes ; alloys of iron and manganese, and iron and chromium 
are also produced ; and nickel is often deposited by means of an 
electric current on the surface of other metals, which are then said 
to be nickel-plated. 

Chromium, in the pure state, has been prepared by removing 
chlorine from its chloride, by means of metallic zinc or magnesium.* 
The chloride is mixed with potassium and sodium chlorides, and 
* Annalen, 111, 117. 
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heated with metallic zinc to the boiling-point of the latter metal 
(about 940°). An alloy of zinc and chromium remains, from which 
the zinc may be removed by treatment with nitric acid; ,the 
chromium remains as a pale-grey crystalline powder. It has also 
been prepared by decomposing by electricity its chloride in 'con- 
centrated solution. It then deposits in brittle scales with the 
lustre of metallic iron. 

Iron, in a state of purity, is hardly known. It has been 
prepared by reducing its oxide by means of hydrogen at a red heat, 
and heating the resulting greyish-black powder, which consists of 
pure iron in a state of fine division, to whiteness in a porcelain 
crucible under a layer of fused calcium fluoride in the oxyhydrogen 
flame.* It does not fuse, but agglomerates to a sintered mass. It 
may also be deposited electrically from solution. Ordinary iron 
contains small quantities of several elements, notably carbon and 
silicon, which completely alter its properties, and it must, there- 
fore, be considered as a compound. A description of the metallurgy 
of iron is therefore deferred to Chapter XXXVI. 

Manganese, like iron, is almost unknown in a pure state ; 
when produced by the aid of carbon, it combines with that element 
and acquires peculiar properties. Its metallurgy will be considered 
along with that of iron. It has recently, however, been prepared 
in a pure coherent state by heating to redness with magnesium 
dust a mixture of mang«^,nese dichloride with potassium chloride. f 

Nickel is prepared in a manner exactly similar to that by which 
iron is made. Impure nickel can be prepared by heating its oxide 
with charcoal ; the pure metal is obtained by electrolysis. The 
same remarks apply to cobalt. 

Properties. — These elements are all greyish- white, with metallic 
lustre, like iron. Manganese and cobalt have a redd ish- tinge ; 
nickel is whiter than iron, but not so white as silver. Tlj^ey all 
melt at a very high temperature, so high, indeed, that it is reached 
only by means of the oxyhydrogen blowpipe. The addition of a 
small amount of carbon, as has been remarked, profoundly modifies 
their properties ; and, indeed, the pure elements are almost un- 
known in a compact state, owing to the diflSculty of melting them 
into a compact mass in any vessel capable of withstanding the 
requisite temperature, and not attacked by the metal. The figures 
in the following table refer, for the most part, to such impure 
specimens. 

They all combine with oxygen, on exposure to moist air, but are 
* Troost, Bull. Soc. Chim. (2), 9, 250. 
t Q^latzel, Ber. Betitsch. Chem. Oes.^ 22, 2857. 
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permanent in dry air ; they unite directly with the halogens ; with 
sulphur, selenium, and tellurium ; with phosphorus, arsenic, and 
antimony ; with carbon, silicon, and titanium ; and they form 
alloys with each other and with many other metals. Iron and 
iiicke*! also absorb hydrogen gas to a small extent. 


Physical Properties. 



Mass of 1 c.c. Solid. 

Specific 

Heat. 

Atomic 

Weight. 

Molecular 

Weight. 

Chromium . . 

7-3; G-81 (at 25°) .... 

Not determined 

52 3 

? 

Iron 

8 *00 (at 10°) pure .... 

0*112 dmpnre) 

56 *02 

? 

Manganese. . 

8 *14 (at 15 *5°) electro- 
lytic) 

’7 -39 at 22° 

0*122 

55 0 

55 *0 

Nickel 

About 9 *0 .... - 

0*109 

58*6 

p 

Cobalt 

About 9 '0 

0*107 

58*7 

? 


Group VII. — Carbon, Titanium, Zirconium, 
Cerium,"^ Thorium. 

Of these elements, carbon is the only one found in the free 
state. The others are always found combined with oxygen, and 
usually with silicon and oxygen as silicates. 

The native forms of carbon are the diamond^ carbonado, and 
graphite, hlacJc-lead, or plumbago. Diamonds are found iu situ 
in pegmatite, or graphic granite, near Bellary, in the Nizam, 
India, and also in an aqueous magnesian breccia in S. Africa. It 
is probable that they have been formed simultaneously with these 
rocks ; the conditions of their formation are unknown. Diamond- 
fields, or districts which yield diamonds, occur in Brazil, India, the 
Cape, California, Borneo, and the Ural Mountams. 

Cdrbo7iado, a variety of carbon found in the Soap Mountains of 
Bahia, is a reddish-grey, porous substance ; it is evidently closely 
allied with diamond. 

Graphite occurs in nests of trap in the clay slate at Borrowdale, 
Cumberland, and is also found in certain coal-measures, e.g., at 
New Brunswick. 

Such different forms of an element are said to be allotropic, a 
word which signifies “different forms.” 

Carbon also occurs in combination with oxygen (tha atmo- 
sphere contains about 0*04 per cent, by weight of carbon dioxide) , 
and its dioxide, with the oxides of various metals; the most 


It is doubtful if cerium belongs to this group of elements. 
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important of the carbonates are those of calcium, of magnesium, 
and of iron {q.v.). 

Along with hydrogen, oxygen, and nitrogen, it is a constituent 
of all organised matter ; coal, which consists of ancient Tcgetable 
matter, agglomerated by pressure and decomposed by heat,* contains 
a large percentage of carbon, anthracite, for instance, containing 
over 90 per cent. 

Titanium occurs only in combination with oxygen, as rutile^ 
anatase, and hrookite ; and associated with oxides of iron, as titani- 
ferous iron ; with oxide of calcium in perowshite ; and with the 
oxides of silicon and calcium in spkme. 

Zirconium is found as oxide, in combination with oxide of 
silicon in zircon, and in other rare minerals. r 

The chief source of cerium is cerite, a compound of oxide of 
cerium with oxide of silicon and with water ; and it occurs asso- 
ciated with oxides of niobium, tantalum, lanthanum, didymium, &c., 
in orthife, enxenite, and gadolinite, and other very rare minerals. 

Thorium occurs in thorite as oxide, in combination with oxide 
of silicon and with water ; it also occurs in euxenite, &c., along 
with cerium. 

Preparation. — Carbon is produced by the decomposition by 
heat of its compounds with hydrogen, sulphur, and nitrogen ; at a 
very high temperature its oxide is also decomposed. It may also 
be produced by withdrawing chlorine from any of its chlorides by 
means of metallic sodium, or oxygen from its oxides by metallic 
potassium. Chlorine also removes hydrogen at a red heat from 
its compounds with that element, setting free carbon in the form 
of soot. It is best prepared in a pure state by the first of these 
processes. Sugar and starch consist of carbon in union with hydro- 
gen and oxygen. On heating these bodies out of contact with air, a 
large portion of the carbon which they contain remains in the state 
of element. It is advisable, in order to remove hydrogen com- 
pletely, to heat to redness in a current of chlorine. The deposit on 
the upper surface of the interior of retorts during the manufacture 
of coal-gas by the distillation of coal is named gas- carbon, and is 
nearly pure. It is thus produced by the decomposition of hydro- 
carbons (compounds of hydrogen with carbon) by heat. Various 
impure forms of carbon are prepared for industrial purposes. Wood 
charcoal is obtained by heating wood to redness in absence of air. 
This used to be the work of “ charcoal burners,” and the manufac- 
ture still survives in Epping Forest. Faggots of wood are piled 
into a tightly packed heap, covered over with turf, and set on fire, 
a limited quantity of air being admitted to support combustion. 
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Most of tlie -wood is thus charred ; and when smoke ceases to be 
emitted more turf is heaped on, so as to extinguish the fire. 
The mass of charcoal is then allowed to cool, and when cold, the 
covering of turf is removed, and the billets of charcoal unpiled. 
The wood yields about 84 per cent, of its weight of charcoal. In 
the present day, oak or beech wood is distilled from iron retorts, 
for the production of acetic acid, or vinegar ; the retorts are heated 
with coal, and the charcoal remains in the same form as the logs 
which are put into the retort. The charcoal made in this way is 
used chiefly by iron -founders to mix with sand in making moulds 
for castings. Charcoal for gunpowder is made from willow, dog- 
w^ood, or alder. 

Cohe^ thfe residue on distilling coal, is also impure carbon. The 
coke forms from 40 to 75 per cent, of the weight of the coal. 
Coke is largely used as a fuel, especially in iron smelting. 

Bone or animal charcoal, or hone-hlach, produced by distilling 
bones, contains about 10 per cent, of carbon, the r'emainder chiefly 
consisting of the mineral constituents of bones, calcium phosphate 
and carbonate. It is used for decolorising solutions of impure 
sugar, which are filtered through the bone-black, ground to a 
coarse powder. Its decolorising properties are much increased by 
dissolving out the calcium compounds by washing it with hydro- 
chloric acid. 

Lamp-hlach, chiefly used for printers’ ink, is prepared by burning 
certain compounds of carbon and hydrogen, especially one con- 
jstituent of coal-tar oil, named naphthalene. The hy«lrogen and a 
portion of the carbon burn, while the greater portion of the carbon 
is carried away as smoke, and condensed in long flues. 

Titanium,* like carbon, may be produced by passing the 
vapour of its chloride over heated sodium,, when the sodium 
removes the chlorine as sodium chloride, leaving the element, with 
whioh sodium does not appear to form a stable compound. It may 
also be produced by projecting into a red hot crucible potassium, 
cut into small pieces, along with potassium titanifluoride (a com- 
pound of titanium, potassium, and fluorine) ; the fluorine is removed 
by the potassium as potassium fluoride, which is soluble in water, 
and may be separated from the titanium by treatment with water, 
in which titanium is insoluble, and with which it does not react in 
the cold. 

Zirconium^t like titanium, may be produced by heating potas- 

* Wohler, Annales (3), 29, 181. 

t Berzelius, Ann., 4 , 124, and 8 , 186. Troost, Comptes rend., 61, 

109. 
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sium zirconifluoride with potassium, or magnesiam. The metal 
aluminium also withdraws fluorine from this compound and the 
zirconium dissolves in the metal, crystallising from it when it 
cools. The aluminium is removed by treatment with dilute hydro- 
chloric acid, in which zirconium is insoluble. 

Cerium* has been prepared by electrolysing cerium chloride, 
covered with a layer of ammonium chloride, contained in a porous 
earthenware cell, placed inside a non-porous crucible, filled with a 
mixture of sodium and potassium chlorides. The whole arrange- 
ment is heated to redness, so as to melt the compounds. On 
passing an electric current, the cerium deposits on the negative 
electrode, which is made of iron, inserted through the stem of a 
clay pipe to prevent its oxidation by the hot air. *■ 

Thoriumf has also, like carbon and titanium, been prepared 
by heating with sodium in an iron crucible potassium thorifluoride, 
covered with a layer of common salt. 

Properties.— Carbon, as already mentioned, exists in several 
different forms, each of which has distinct properties. It is there- 
fore said to display allotropy. 

The diamond is transparent, crystalline, the hardest of all 
known substances ; it is nearly pure carbon. It is usually colour- 
less, but is occasionally coloured green, brown, or black by mineral 
matter. It was found to be combustible by the Florentine 
Academicians, in the l'7.th century, who succeeded in burning it 
by concentrating the sun’s rays on it by means of a large lens. 
Lavoisier discovered its identity with carbon. It can bo converted 
into a coke-like substance when exposed to the intense heat of the 
electric arc. It is used as a gem, also for rock boring, and for cut- 
ting glass. Its dust is employed in cutting and polishing precious 
stones, and in cutting other diamonds. 

The weight of diamonds is measured in caratsX (1 carat 
= 0*205 gi‘am, or 3*165 grains). The value, however, is not pro- 
portional to the weight, but to approximately the square of the 
weight. Among the most remarkable diamonds one of the largest 
belongs to the Nizam of Hyderabad, and weighs 277 carats ; the 
Crown of Russia possesses another, of a somewhat yellow colour, 
weighing 194 carats; the Koh-i-Noor, or “mountain of light,” 
belonging to the British Crown, weighs 106 carats. It was 

* Hillebraud and Norton, Pogg. Ann., 156 , 633 ; 166 , 466. 

t Nilson, BericMe, 1882, 2519 and 2537; 1883, 153. 

X Kerat (Arab.), supposed to be derived from rati, the Indian name for the 
seeds of Ahrus precatorius. 
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originally much larger, but was reduced in weight by cutting. 
The cutting of diamonds is intended to display their great power 
of refracting light. The two forms in which diamonds are cut arc 
tliat of the brilliant, which fig. 5 represents, and the table or 
rosette form, shown in fig. 6. The former is the most valuable. 



Fro. 5. Fig. 6. 


Oarbo7iado is a very hard substance, which is also used for rock 
boring. It has been noticed as a constituent of some meteorites. 

Graphite is a blackish-grey, lustrous, soft substance, chiefly 
used for making very refractory crucibles, wlien mixed with clay ; 
also for fine iron-castings, and for lead pencils. 

No attempt to produce diamonds artificially has succeeded, 
except perhaps one in which carbon was kept in contact with a 
large quantity of melted silver ; the carbon appears to be slightly 
soluble in the fused metal, and microscopic crystals which sepa- 
rated out on cooling were said to possess the properties of the 
diamond. 

Graphite may bo made artificially by dissolving carbon in 
molten iron, which dissolves 1 or 2 per cent When the metal is 
slowly cooled, part of the carbon separates in this form. It has 
also been prepared by heating amorphous carbon to an extremely 
high temperature by passing an electric current of high potential 
through a rod of carbon, and thus heating it to brilliant incan- 
descence. The temperature at which the change is produced is 
unknown, but is enormously high. 

Carbon is infusible at the ordinary pressure. It is volatile in 
the electric arc, which when formed, as is usually the case, by 
passing an electric current between two rods of gas- carbon, always 
possesses the temperature at which carbon volatilises. What that 
temperature is has not yet been ascertained. 

The diamond is a non-conductor of electricity, like indeed all 
transparent bodies ; but the other forms of carbon conduct, though 
not so well as metals. 

Carbon in one form or another, especially as coal, is the source 
of all the heat and energy practically utilised by mankind. To 
utilise this energy stored in carbon it is burned in air, uniting with 
its oxygen. Charcoal unites very slowly with oxygen at the 
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ordinary temperature, but rapidly at a red beat. The other forms 
of carbon also burn, but slowly, when heated to redness in oxygen. 
At a red heat carbon deprives most other oxides of their oxygen, 
and is therefore used in extracting metals from their oxides. It 
unites directly with sulphur when heated to ‘redness in sulphur 
vapour ; and with hydrogen at the temperature of the electric arc, 
to form acetylene. It does not appear to combine directly with the 
other elements, although many compounds have been prepared by 
indirect methods. 

Animal charcoal and, to a less degree, wood charcoal, owing 
probably to their cellular nature and to the great amount of 
surface which they possess, have the power of condensing and 
absorbing gases. The amount of absorption is in the# same order 
to the condensibilities of the gases, those gases which are condensed 
to liquids by the smallest lowering of temperature being absorbed 
in greatest amount. Thus 1 volume of boxwood charcoal absorbs 
90 volumes of ammonia-gas, which condenses to a liquid at — 36°, 
whereas it absorbs only 1*75 vols. of hydrogen, which is probably 
not liquid at a temperature of —230°. 

Titanium is a dark grey powder, like iron which has been 
reduced from its oxide by hydrogen. It has not been fused. It 
unites directly with oxygen and with chlorine, burning when 
heated in these gases. It has also the rare property of uniting 
directly with nitrogen when heated in that gas. It decomposes 
water at 100°, combining with its oxygen, and liberating 
hydrogen. 

Zirconium forms brittle lustrous scales. It fuses at a very 
high temperature, and does not combine with oxygen at a red 
heat; but at a white heat it burns to oxide. It unites directly 
with chlorine. 

Thorium is an iron-grey powder, which burns brilliantly 
when heated in air, forming oxide. Like titanium and zirconium, 
it is attacked by chlorine, burning brilliantly in the gas ; also by 
bromine and iodine. It unites directly with sulphur. 

Physical Properties. 


Mass of 1 c.c. Specific Atomic Molecular 

Solid. Heat. Weight. Weight. 

Carbon (Diamond) . . 3*514 at 18° . , (see below) . . 12 *00 ? 

(Graphite) . . 2*25 at ? . . (see below) . . — ? 

(Charcoal) . . About 1*8 at ? — — — 

Titanium Undetermined Undetermined 48*13 ? 

Zirconium 4 *15 at ? . . 0 *0660 90 *0 ? 

Thorium 11*1 atl7°. . 0*0279 232*4 ? 
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Note . — The specific heat of carbon increases very rapidly with rise of tein- 
peraiure {of. beryllium and boron).* 


Temperature . . 

-50° 

-10® 

+ 10° 

+ 33° 

+ 58° 

+ 8(>® 

Sp. heat — 

U ianiond . 

0 -0635 

0-0955 

0T12B 

0 1318 

0-1532 

0-1765 

Graphite . . 

0T138 

0 1137 

0-1601 

— 

0 1990 

— 

Temperature . 

+ 140° 

+ 206® 

+ 247° 

+ 600° 

+ 800° 

+ 1000° 

Sp. heat — 

UiamoTul . 

0 2218 

0 -2733 

0-3026 

0 4h)8 

0-4489 

0 • 1589 

Graphite . . 

0 2512 

0 •2066 

-- 

0-1131 

0 • 1529 

0 1670 


It is nohceable that, although at low temperatures the specific heat of the 
diamond differs considerably from that of graphite, yet at high temperaturt's 
they nearly coincide. 


Group VIII. — Silicon, Germanium, Tin, Terbium (0, 

Lead. 

The first of these elements, silicon, closely resembles titanium ; 
it is a blackish, histrons substance. Germanium and tin are wluti* 
metals, with bright lustre; lead is of a gi'oyer hue. Terbium, as 
element, has not been prepared in a pure state. 

Sources. — The element silicon, next to oxygen is the most 
widely distributed and abundant of the elements on the surface of 
the globe, forming about 25 per cent, of its total weight. It 
never occurs in the free state, being atta(*ked by oxygen : hence 
it exists only as oxide (silica), ailone ; or in combiiuition with other 
oxides, as silicates. As such, it is contained in a vast number 
of minerals. Some of the most typical of these are described 
under the heading silica (p. dOO). The more commonly occurring 
forms of silica are quartz^ smnlstone., and flint ; pure crystallised 
silica is named rock-crystal^ hog diamond., or Iri^h d/iamond ; agate., 
chalcedony, opal, &c., are other forms. Granite, trap, hasadt, 
porphyry, schist, and clay are rocks entirely composed of silicates. 
The name is derived from silex, flint. Germanium, t an element 
patriotically named, has been recently discovered by Winkler in 
a mineral termed argyrodite found in the Himmelsfiirst mine, near 
Freiberg. It contains 6 or 7 per cent. (?) of sulphide of ger- 
manium. Euxenite is also said to contain a trace of germanium, 
— about OT per cent. 

Tin is a moderately abundant element, although not widely dis- 
tributed. The chief mines are in Cornwall ; it also occurs in the 
Erzgebirge, in Saxony and Bohemia, in the Malay Peninsula, and 

* Weber, Poyy. Ann., 164, 367. 

t Winkler, BeHchte, 19, 210; J.praht. Chem. (2), 34, ,177. 

E 



50 


THE ELEMENTS. 


in Peru. Large deposits of tin-ore have recently been discovered 
in Australia and in Borneo. It occurs as oxide, in tinstone or 
casiterite, and as sulphide, a comparatively rare mineral. It is 
never found as n, metal, owing to its tendency to oxidise. 

Terbium, the connection of which with this group of eleihents 
is open to question, is associated with yttrium (q.v.), and is con- 
tained in the same minerals as yttrium. 

Lead, bke tin, is always found in combination, chiefly with 
sulphur in galena, a very widely distributed ore, found in the Isle 
of Man, in Cornwall, in Derbyshire, in the south of Lanarkshire, 
and in many foreign countries. Other ores of smaller impor- 
tance are the carbonate or cermsite, the sulphate, phosphate, and 
arsenate. « 

Preparation. — Silicon,* like titanium, is produced by with- 
drawing chlorine from its chloride by passing the vapour of tlie 
hitter over red hot sodium ; or by removing fluorine from its double 
compound with fluorine and sodium, sodium silicifluoride, by 
means of metallic sodium; the metal zinc may also be used 
along with sodium to withdraw^ the fluorine, when the silicon 
crystallises from the zinc, which may be removed by dissolving 
it in weak hydrochloric acid. Germanium, tin, and lead are 
reduced from their oxid(\s by heating in hydrogen or with carbon. 
Terbium has not been prepared. For the preparation of tin and 
lead on the large scale, fh^ chapter on the oxides and sulphides of 
these metals must be consulted (p. 296, and also Chap. XXXVIII) ; 
for their metallurgy involves somewhat intricate operations. 

Properties. — Silicon lacks metallic lustre, and is therefore 
usually classed with the non-metals. It is a blackish brown 
powder, which, when crystallised from zinc or aluminium, 
separates either in black lustrous tablets resembling graphite, or in 
lirilliant hard iron-grey prisms. It fuses at a high temperature, 
and may be cast into rods. It is contained in cast iron, probably 
however in combination with the iron. The crystalline variety 
conducts electricity. When heated in oxygen, chlorine, bromine, 
or sulphur gas, silicon combines with these elements. The crystal- 
line variety can be dissolved only by fusion with caustic potash 
(see Silicates, p. 310). 

Germanium is a white metal, somewhat resembling antimony. 
It is very' brittle and can be readily powdered. It may bo melted 
under a layer of borax, which prevents oxidation ; it is, however, not 
very easily oxidised. It melts at a bright red heat. It combines 


Deville and Caron, Annales (3), 67, 435. 
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directly with oxygen, sulphur, and the halogens when heated in 
the vapour of these elements. 

Tin is a lustrous white metal resembling silver. It is very 
soft and malleable, and may be hammered into foil (tin foil), but 
its wire has little tenacity. Up to 100° its malleability increases ; 
but, like zinc, it becomes brittle at higher temperatures, and may 
be powdered at 200'". Its fracture is crystalline. It melts at a 
low temperature. 

Although not oxidised at the ordinary temperature, it burns in 
air with a white flame when strongly heated ; it also unites directly 
with the halogens and with sulphur. It forms alloys with many 
other metals which find commercial use. It is also largely used 
in tinning i.on (see Alloys, p. 58d). An allotropic form of tin is 
produced when tin is cooled to a low temperature, or when it is kept 
fora long time ; it is greyish-red, and exceedingly brittle. When 
heated to 50° for some hours it is reconverted into ordinary tin.* 

Lead has a greyer shade than tin. It is soft, and may be cut 
with a knife. It may be hammered into foil, and drawn into wire, 
which however has little tenacity^. It is easily fused, and volati- 
lises at a white heat. 

Lead combines directly with oxygen at a high temperature, 
forming “dross”; although not affected by dry oxygen, moist 
atmosplieric air soon tarnishes it. When heated with the halogens 
or with sulphur, it combines directly with them. It is used 
largely for pipes, for covering roofs, for bullets, shot, &c. ; and 
its various alloys find a very wide application. 


] *h ijtiical P roper t les. 


Silicon — 

Mass of 1 c c. 
Solid. 

Melting- 

point 

Specific 

Heat.* 

Atomic 

Weight. 

Molecular 

Weight. 

Gfrapliitoidal 

2 2 at ? .... 

— 

(see below) 

28-33 

? 

Adamantine 

2 -48 at ? . 

About 1100° 

,, 

— 

— 

Germanium . . 

5 *47 at 20 'P 

About 900° 

0 0758 72 3 

(100° to <140°) 

? 

Tin (solid) .... 

7 -29 at 13 ^. . 

226° 

0 0562 

119 1 

119*1 

>> .... 

7-18 at 226° 

— 

— 

— 

— 

„ (li^lhd) . . 

6 -99 at 226" 

— 

0-0637 

— 

__ 

,, (allotropic) 

6-8 to6*0.. 

— 

0 -0545 


— 

Lead (solid) . . 

11 -35 at 14°. . 

325° 

0 0314 

206 -93 

206 *93 

)> )j • • 

11 0 at 325°. . 

— 

— 

— 

— 

„ (liquid) . . 

10-65 „ .. 

— 

— 

— 



The specific heat of silicon, like that of beryllium, boron, and carbon, varies 


* Fritsche, Phil. Mag. (4), 38 , 207. 
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greatly with the temperature, and attains approximate constancy only at high 
temperatures. The following determinations were made by Weber.’*^ 


Temp -40® +22® +57° +86° +129° +184° +2‘12° 

Sp. heat... 0-1360 0-1697 0-1833 01901 0*1964 02011 0*2029 


APPENDIX. 

Equations expressing tlio preparation of elements of Groups VT, YIT, and 

YITI. 

Chromium. — 2CrCl3 + 3Zn = 2Cr + SZnClo 
Iron.—^oO + Ha - Ee + HaO. 

Manganese. — MnO 4-0 = Mn + CO. 

Carhon.—CCX^ + 4Na = 0 + 4NaCl. 

Tiianium. — 2KF.T1F4 + 4K = Ti + GKF. 

Cermm.—2C^C\^ = 2Co + 3CI2. 

Silicon. — 2NaF.SiF4 + 4Na = Si + GNaF. 

Oermanium . — GeOa + 2H2 =» Go + 2IT2O. 

T/w.— SnOa + 20 = Sn + 200. 

PbO + 0 = Pb + 00. 


* Pogg. Ann , 164, 367. 
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CHAPTEU V. 

THE ELEMENTS (continukd). 

GROUP IX, 'THE NITROGEN GROUP ; GROUP X, THE PHOSPHORUS GROUI' ; 

GROUP XI, THE MOLYBDENUM GROUP; GROUP XII, I HE OXYGEN AND 

SULPHUR GROUP. 

Group IX.— Nitrogen, Vanadium, Niobium (or 
Columbium), Didymium* ( 0 , Tantalum. 

The first element of this group, like the first of the seventh group, 
does not outwardly resemble the remaining ones. It is a colourless 
gas, whereas the others are solids with metallic lustre. It exists 
free, like carbon, while the others occur only as oxides, because 
they readily combine with oxygen. 

Sources.— Nitrogen forms nearly four-fifths of the volume 
as well as of the weight of air. It 0(;curs also in small amount in 
air as ammonia, in which it is combined with hydrogen. Am- 
monia also exists in the soil, being carried down by the rain, and 
yields its nitrogen to plants, which use it as food, assimilating it 
by means of their roots. Nitrogen is essential to the life of plants 
and animals, and is a constituent of the albuminous matters of 
which they largely consist. Coal, the relic of a former vegetation, 
also contains nitrogen in combination with carbon, hydrogen, and 
oxygen. Lastly, it occurs in combination with oxygen and sodium, 
and with oxygen and potassium, in sodium and potassium nitrates, 
which encrust the surface of the soil of di’y countries. They are 
exported from India, and from S. America. Nitrogen has no 
great tendency to combine with other elements ; hence it chiefly 
occurs in the free state. The spectroscope has also revealed its 
presence in some nebulae. 

Vanadium is a comparatively rare element. It is found in 

* It is doubtful whether didymium belongs to this group of elements. It 
appears to be a mixture, not a simple substance. See p. 0U2. > 
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combination with oxygen, along with lead, copper, and zinc oxides, 
as vanadates of these metals. A crystalline incrustation on the 
Keuper Sandstone, at Alderley Edge, in Cheshire, in which vana- 
dium is associated with phosphorus and copper, named mpttra- 
mite^ is one of its chief sources. 

Niobium, tantalum, and didymium are associated with rare 
metals, such as yttrium, cerium, lanthanum, &c., in euxenite and 
similar minerals. The two former are also found in combination 
with iron and manganese in niohitc and tayitalite, minerals found 
in the United States and in Greenland. 

Preparation. — Nitrogen is usually prepared by i-emoving 
oxygen from air, Avhich consists mainly of these two gases. By 
heating ammonia, its compound with hydrogen, to a red heat, it is 
decomposed into its constituents; but the hydrogen is not easily 
separated from the nitrogen ; hence the plan usually adopted is to 
decompose ammonia by the action of chlorine, or by oxygen at a 
red heat, both of which unite with the hydrogen, liberating 
nitrogen. Perhaps the best method is one in which the oxygen of 
the air is made to combine with the hydrogen of the ammonia; 
the nitrogen of both air and ammonia is thus collected. The appa- 
ratus is shown in the accompanying figure. 

A gas-holder, a, is connected with a U-tube, B, filled with weak 
sulphuric acid, which in its turn communicates by means of 
indiarubber tubing with a tube of hard glass, c, containing bright 
copper turnings. The other end of the hard-glass tube is joined 
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to a wash^bottle, half full of strong ammonia solution. The copper 
is heated ]to bright redness, and the water in the gas-holder is 
allowed tofCstaDe, a current of air being thus drawn through the 
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aTumonia- solution. The gaseous ammonia is carried along with 
the air over the red-hot copper. The oxygen of the air unites in 
presence of the red-hot copper with the hydrogen of the am- 
monia, forming water, and the nitrogen of the air along with 
the nitrogen from the ammonia both pass on. The sulphnrie 
acid in the (J-tube serves to retain excess of ammonia, and })ur(; 
nitrogen is the product. 

Nitrogen may also be prepared by leaving air in contact with 
any absorbent for oxygen ; for example, jiliosphoims ; or a solution 
of cuprous chloride in ammonia; or potassium ])yrogallate. 

Vanadium* has been prepai'ed by withdruAving (dilorine from 
one of its compounds with that clement by the action of hydrogen 
a red heat. The utmost precautions must be takim to excliuh; 
oxygen and moisture, as vanadium is at once oxidised at a red heat 
by these substances. As it attai^ks porcelain, it must b(i luMited in 
a platinum boat jilaced in a porcelain tube, during the passage of 
the hydrogen. The method of pr(‘paration of niobiumf is similar 
to that of vanadium. 

Tantalum IS said to have beim prepared by a method similar 
to that which yields silicon, viz,^ by heating with metallic sodium 
its compound with potassium and fluoinnc. 

Didymium has been made in tin* same inannm' as cerium 
(q-v.). The substance thus called is certainly a mixture of at 
least two metals (see p. 005). 

Properties. — Nitrogen ii- a colourless, odourless, tasteless gas, 
somewhat lighter than air It condenses to a cidourloss liquid at 
the very low temperature — 190’1,J and solidifies to white flakes 
at — 214°, when cooled by boiling oxygen. The lii^uid is lighter 
than water. 

The only elements with which it combines easily and directly 
at a red heat are magnesium, boron, titanium, and vanadium. At 
a^higher temperature, that of the electric spark, it combines with 
hydrogen and with oxygen ; indeed combination between oxygen 
and nitrogen may be caused by burning nifigncsium in air, when 
the constituents of air unite to form peroxide of nitrogen ; and 
this gas is suddenly cooled by escaping away from the source of 
heat, and therefore remains undecomposed. 

Vanadium is a white oubstance with metallic lustre. It do(\s 
not combine with oxygen at the ordinary ternjierature, nor even 

* Roscoe, Proc. Roy. Soc.y 18, 37 and 310. 

t Roscoe, Ckem. JSeivs^ 37, 25. 

X Comptes rend.f 100, 350. 
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at 100°, but it takes fire spontaneously and burns in chlorine. It 
is unaltered by water, except at high temperatures. 

Niobium forms an irridescent steel -grey powder. , 

Didymium is a white metal with a faint yellow tinge. 
Tantalum is said to be a black powder, but it is doubtful 
whether it has been isolated. 

Physical Properties. 


Mass of 1 c,c 



^ 

— 

A 



Density 


Solid. 


Liquid. 

Gas 

11 = 1. 

Nitrogen ... 



0 jit — m4 

■4° 0 *001258 

14*08 

Vanadium . 

5 87 at 15'^ 




Niobium . . 

. . 7 0(» at 1 

5 5"* 




Didymium 

... bht. ... 



— 

- 

Tantalum . . 

... 10 *5 ? . . 




— 


Melting- 

Bolling- 

S peel lie 

Atomic 

IMolccular 


point. 

point. 

Heat. 

Weight 

Weight. 

Nitrogen . , . 

-214'^ 

-IDt 

0 2138 

1 1 03 

28 OG 

Vanadium . 

. Not at bright 

— 

y 

51 1 

p 


red beat 





Niobium . . 

Very high 

__ 

y 

94 0 

V 

Didymium . 



0 015(> 

fNdi^llO 8' 
\rrdi 143 6 


Tantalum.. . 


- 

? 

182-5 

y 


Tlic critical temperature nitrogen is —t 10", and the critical pressure 35 
atmospheres f Its irapour-pressures are us follows . — 

Pressure in at tiiospliercs 35 31 17 1 Ver^ low 

d’emperivture — 1 1()° — I tS 2’ — IGO 5" —101 1’ —213 

Under « pressure of about 4000 atmospheres, nitrogen hos the density 0 8203, 
at ordinary temperature, compared witli water. 


(ijtour X.— Phosphorus, Arsenic, Antimony, 
Erbium, t Bismuth. 

Owing to the givat tendency of phosphorus to unite? with 
oxygen, t is always found in combination with it. Arsenic, too, 
is seldom found native ; it also is easily oxidised. Antimony 
and bismuth are both found native. Erbium is always asso- 

* Neod>mium and praseodymium, twn bodies into which didMiiium has been 
re-olved. 

4 Comptes rend., 09 , 133, 184; 100 , 350. 

X It 18 doubtful whether erbium belongs to this group. 
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ciated with cerium, lanthanum, yttrium, Phosphorus, arsenic, 

and antimony display allotropy. 

Sources. — Phosphorus occurs chiefly in comhination with 
oxygen and calcium, as calcium phosphate, in minerals named aj.)atit(\ 
in which it is associated with fluorine ; pJi )sph<)ritt\ an earthy 
variety; and in coprol if rs. It is also found as phosphate of alu- 
minium, or wavellite in large deposits; lead and copjier ph(>sphates 
also occur native. It is a constituent of all soils, though in 
minute amount. From them it is absorbed by jilants, and is 
hence a constituent of all vegetable matter, especially seeds. 
Through plants it is assimilated by animals, and forms a con- 
stituent of the hones (about e58 per cent.) and the nerves. Ignited 
bones consist mainly of calcium phosphate. 

Arsenic occurs most abundantly in combination with iron as 
arsenical iron, and with nickel and cobalt as hupfer-nickrl and 
smaltife ; also with iron and sulphur in an^rnical 2}yrlt('s and 
mupickel. With sulphur it forms renUjar and orpiinrnt ; and it is 
also found combined with oxygen and metals as arsenates. It is 
sometimes found native. 

Antimony is rarely found native ; its most abundant ore is 
stihnite, or antimony sulphide; it also occurs as autimony ochre or 
oxide; and it is associated in various minerals with sulphur and 
lead, mercury, copper, silver, ttc. 

Bismuth is a C0inparativ(*ly rare midal, and nearly always 
occui’S native. It is sonudimes associafed with tellurium. 

Erbium accompanies yttrium, cerium, A.c. ((jf.v.)- 
extremely rare. 

Preparation. — Phosphorus was originally obtained by 
liiMiidt by distilling dried and charred urine at a white heat. 
The carbon resulting from the decomposition of the animal 
matter deprived the sodium phosphate of its oxygen, and jihos- 
phorus distilled over. It is still made by a somewhat similar 
process. Metaphosphoric acid, a compound of phosphorus with 
oxyaen and hydrogen, is distilled with powdered cok(‘ or charcoal 
from clay retorts. The carbon deprives this substance of its 
oxygen, and phosphorus, hydrogen, and oxide of carbon pass over in 
the gaseous state. The hydrogen and carbonic oxide gases escape, 
while the phosphorus is condensed and falls into warm water. For 
a detailed description of the process see Chap. XXXV II I. 

Arsenic is produced by distilling mispichd^ when the arsenic, 
which is very volatile, distils over, leaving the sulphur and iron 
behind as ferrous sulphide. 

Antimony is prepared by heating its sulphide {stibmie) with 
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scrap iron. The iron withdraws the sulphur, and the antimony 
separates in the metallic state. It is not sufficiently volatile to be 
conveniently distilled, but it flows down, forming a layer below 
the sulphide of iron. These operations must all be conducted in 
absence of air, for phospliorus, arsenic, and antimony readily com- 
V)ine with oxygen. 

Bismuth is freed from earthy impurities by melting it in a 
crucible, when it sinks to the bottom. Arsenic, antimony, and 
bismuth may also be obtained by heating their oxides in a current 
of hydrogen. Krbium has not been prepared. 

Properties.— Phosphorus exists in two allotropic forms. 
The variety longest known, cslled yellow or ordinary phosphorus, 
is a yellowish-white, waxy substance, possessing a stfong disagree- 
able smell. It has a great tendency to combine with oxygen even 
at ordinary temperatures, and shines in the dark owing to slow 
oxidation ; hence the name phosphorus (from 0u;v, light, and 
06/j6tr, to bear). It must, therefore, be kept under water. It is 
easily iiisible, but when melted in air it takes tire and burns. It 
also catches tire wlum riibbcai on a rough surface, ow ing to the 
heat produced by friction. Hence its use for liicifer matches. ]t 
is soluble in carbon disulphide, a li(|uid compound of carbon and 
sulphur, and may be obtained in crystals by the slow evaporation 
of the disulphide ; this solution is named “ Greek tire.” When 
the solvent evaporates, {he phosphorus is h ft in a tinely divided 
state, and is spontaneously inflammable. It is also soluble in 
alcohol, ether, olive oil, turpentine, benzene, and in certain of its 
own compounds, such as chloride and oxychloride of phosphorus. 
It is easily distilled at a moderate temperature (290^). Its vapour 
is yellow. 

When heated to 240*" for some time in a closed vessel in 
absence of oxygen, it changes to a red variety, named, red, or 
amorphous, phosphorus. The change may be brought about more 
quickly by a higher temperature, or by addition of a trace of iodine 
to the phosphorus. It is also produced under water on exposure 
of the yellow variety to light. But red phosphorus, when heated, 
also changes back to yellow phosphorus. Such a change, wdiich 
can take place in two directions, is termed a limited reaction. Red 
phosphorus is insoluble in all ordinary solvents ; hence it may be 
purified from yellow' phosphorus by digestion with carbon disul- 
phide. It does not combine wdth oxygen at the ordinary tempera- 
ture, nor perhaps at any temperature, for it burns in air only when 
made so hot that the change into the yellow variety begins. The 
colour of aljotropic phosphorus varies, according to the tempera- 
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ture at which it is formed. If prepared at 2d0° it is deep red, and 
has a glassy fracture ; at 440"^ it is orange, aiul has a granular 
fracture; at 550° it is violet-grey; it fuses at 580", and solidities 
to red crystals, which have a ruby-red fracture.’*^ It is necessary 
to exclude air and to heat the phosphorus under pressure to pro- 
duce tliese changes. It dissolves in melted lead, and sepai'ates on 
cooling ill nearly black crystals. 

Fellow phosphorus combines directly and very readily with 
oxygen and the halogens. It also unites with sulphur, selenium, 
and tellurium, and with incist metals. lied phosphorus combines 
directly with the halogens. Neither variety unites directly with 
nitrogen or with hydrogen. Yellow phosjihorus is poisonous, doses 
of 1 grain and upw.irds producing fatal effects, but in small doses 
it is a powerful remedy for nervous disorders. Yellow ])hosphorus 
is a noii-condiictor of electricity, but red }>hosphoriis conducts. 

Arsenic is a very brittle steel-grey substance with metallic 
lustre on freshly broken surfaces. When heated, it sublimes with- 
out melting, and condenses partly in crystals, partly in a black 
anior[)hous (i.e., non-crystalline) state. It may, however, bo 
melted under great pressure. The amorphous variety is rendered 
crystalline by heating it to Jt readily combines with 

oxygen, and liemje loses its lustre on exposure to moist air It 
burns when heated in air, sjn*eadmg a garlic- like smell. It unites 
directly with oxygen, with the halogens, and wiHi most other ele- 
ments. 

Antimony, like phosphorus and ar.senic, also exists in two 
forms Ordinary ontimony is a bluish- whito metal, very brittle 
and crystalline. It is not oxidised by air at ordinary tempera- 
tures, and does not tarnish on exposure. Allotropic antimony J is 
obtained by electrolysing a strong solution of antimony cliloride. 
A grc) ish deposit is formed on the negative pole, which has the 
remarkable property of exploding when struck. Its specitic 
gravity is considerably less than that of the ordinary variety. Jt 
is said, however, to contain liydrogcn. Antimony unites directly 
with all elements, except nitrogen and carbon. 

Bismuth is a greyish- whito metal with a red tinge, also very 
brittle and crystalline. The conductivity for electricity of the 
three elements arsenic, antimony, and bismuth rises in the order 
given. Bismuth is the most diamagnetic of the elements. 

Erbium has not been isolated. 

* Compter rend.^ 78 , 748. 

t Ibid., 96, 497 and 1314. 

I Gore, Chem. Soc. J., 16 , 365 ; Bottger, J. prakt. Chem., 73 , 484 ; 107 , 43. 
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Physical Properties. 


Phosphorus, yellow . . 

„ red 

Arsenic, amorphous . . 

,, crystalline . . 
Antimony, ordinary . . 

,, explosive . . 
Bismutli 


Mass of 

' 1 c.c. 



^ 

X 

Density, 

Melting- 

Solid. 

Liquid. 

11 = 1. 

point. 

1 -83 at 10“ 

1 *75 at 40“ 

65 *0 at 1040° 

44 4° 


1 -49 at 278° 



2- 15 fo 2 -3 

— 

45 -4 at 1700° 

580“ 

(at 0“) 




4-7 at 14“ 

- f 

147 -2 at 8fi0° 

— 

5-73 at 14“ 

- 1 

77-5 at 1736° 

— 

6 -67 at 155“ 

C-5? f 

155 T at 1572° 

425° 

5-7 to 5-8 

- 1 

141-2 at 1640° 

— 

9 -8 at 13 -5“ 

10-0 

246 -2 at 1700° 

268 3° 



Boiling- 

Specific 

Atomic 

Molecular 


point. 

Heat. 

Weight. 

Weight. 

Phosphorus, yellow . . 

278-3° - 

f 0-017401 
fO -01895 J 

31 -03 

62 -06 to 124 -12 

„ red .... 

— 

0-0170 

_ 

— 

Arsenic, amorphous . . 

— 

0-0758 

75 -09 

150 -18 to 300 36 

,, crystalline . . 

_ 

0-0830 

— 

_ 

Antimony, ordinary . 

1300° 

0 0508 

120 30 

120-3 to ? 

,, explosive 

— 

0-0541 

— 

— 

llisuiuth 

1610° 

0 -0308 

208-1 

208-1 to P 


(iuoup XL— (Oxygeiji, Chromium) —Molybdenum, 
Tungsten, Uranium. 

The resemblance between oxygim and the other four members 
of this group is a slight one. It is advisable to consider oxygen 
along with the three elements sulphur, selenium, and tellurium, 
with which it displays much greater analogy. 

The elements molybdenum, tungsten, and uranium ^mesent 
some analogy with chromium, both in their properties as well as 
in the compounds which they form. But chromium is best con- 
sidered along with aluminium, iron, and manganese. 

Sources. — The chief source of molybdenum is the sulphide, 
molyhilentun (jlance, or mohjhdeiiiie^ ainl WHlfenitt\ a compound of 
molybdenum, oxygen, and lead. These are rare minerals ; an 
allo}" of lead and molybdenum has also been found native in the 
State of Utah. 

Tungsten occurs in icolfram, combined with oxygen, iron, and 
manganese; and in scheelite, with oxygen and calcium 

Uranium is chiefly found as pitchhlcndey in combination with 
oxygen. 
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Preparation. — Molybdenum* is prepared by heating its 
chloride to bi-ight redness in a tube through which a stream of 
hydrogen gas is passed. The hydrogen unites with the chlorine, 
forming gaseous hydrogen chloride, leaving the non-volatile 
molybclenum. It may also be obtained by heating its oxide with 
charcoal. 

Tungstenf can be prepared in a similar manner, or from its 
oxide by the action of hydrogen ; the hydrogen removes the 
oxygen as water, which passes otf as gas, while the metal remains. 

UraniumJ is best got from its chloride by heating it with 
metallic sodium in an iron crucible. The sodium and chlorine 
unite, forming common salt, while the uranium, which does not 
unite with sodium, sinks to the bottom of the crucible, being 
heavier than the fused salt. 

Properties. — These elements all possess metallic lustre 
Molybdenum is a brittle silver-white substance, exceedingly/ 
hard. It fuses at a high temperature. Tungsten is a steel -grey 
crystalline powder, which fuses at a white bent. Uranium is a 
black powder which is fusible to a grey metallic button of great 
hardness. 

These metals do not combine with oxygen at the ordinary tem- 
perature, but are converted into chlorides wlicn thrown into cldoi’ine 
gas in tlie state ot powder. At a high tem])eraturo they burn in 
air, forming oxides. They also unite with sulfiliur at a red heat. 
They are unchanged by water at the ordinary temperature. 


Physical Properties. 


Mass of ^ c.c. 
Solid 

Molybdenum.. 8 0 
Tungsten. ... 19 2 

“ (at 12°). 

Ur/inium ... 187 

(at 4°). 


Melting- Specific 

})Oint Heat. 

White beat.. 0 0722 

White heat., 0 0,134 

Ked heat ... 0 0277 


Atomic Molecular 
Weight. Weight. 

95-7 Unknown. 
184 

240 


Group XII.— Oxygen, Sulphur, Selenium, Tellurium. 

These elements all occur native, as well as in combination. 
The first is a gas ; the other three are solids at the ordinary 
temperature, and are often as.sociated with each other. 

* Debray, Compter rend , 46 , 1098. 
t Roscoo, Chem. Soc J., 10 , 286. 

X Peligot, Annales (3), 6 , 53; 12 , 549. ^ 
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Sources. — Oxygen is the most abandant and widely distri- 
buted of the elements, forming, as has been estimated, 50 per cent, 
of the earth’s crust. About one-fifth of the weight as well as of the 
volume of air consists of oxygen, the remaining four-tiftbs being 
nitrogen, with which the oxygen is mixed. It constitutes ^eight- 
ninths of the weight of water, and is found in union with every 
element in nature, except fiuoidne, chlorine, bromine, platinum 
and its analogues, and gold, silver, and mercury. Many compounds 
into which it enters have been already mentioned as sources of the 
elements. 

Sulphur occurs native in the neighbourhood of volcanoes, and 
coats the surface of the soil m districts of volcanic activity. It is 
chiefly mined in Italy and Sicily. It also occurs irk combination 
with iron as iron purifes, and with iron and copper as copper 
pyrites ; with lead as galena, with zinc as llende, with mercury as 
c>nnahar. It also occurs in union with oxygen and a metal, e.g., 
in the sulphates of calcium, magnf3sium, sodium, &c. Its principal 
sources are native sulphur; and copper pyrites, of which large 
mines exist in the South of Spain. It exists also in certain 
volatile oils, such as oil of mustard, oil of garlic, &c. 

Selenium in small quantities almost invariably accompanies 
sulphur ; both native and in its compounds. It is also, but rarely, 
found in combination with lead and copper ; and with nickel, 
silver, molybdenum, &c. 

Tellurium is found in the free state, and also in combination 
with bismuth, silver, lead, and gold. It is a very rare element. 

Preparation. — There is no convenient method of separating 
nitrogen from air; hence pure Oxygen, unlike pure nitrogen, cannot 
be directly prepared from that source. Owing to its tendency to 
unite with almost all elements, it cannot well be prepnred by dis- 
placing it from any one of its compounds. The only elements 
capable of displacing it appear to be fluorine and chlorine, for 
almost all other elements combine directly with it. It must 
therefore be prepared by heating certain of its compounds with 
other elements — certain oxides and double oxides or salts ; or by 
the electrolysis of certain of its compounds, e.g., water. The 
methods of prepai-ing it may be grouped under three heads : — 

1. The electrolysis of water, or of fused oxides or hydroxides, i.e., 
oxides of hydrogen and anoUier element. Water, however, is a 
non-conductor of electricity when pure, and it is necessary, in 
order to make it conduct, to dissolve in it some substances with 
■which it reacts. In practice, the operation is conducted as follows : — 
A U-tube, ho, is filled with dilute sulphuric acid. Through the 
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lower end of each of these tubes is sealed a piece of platinum 
wire, connected each with a slip of platinum foil, and the pieces 
of wire projecting outside are connected by eojiper wires to the 
poles of a battery of four Bunsen’s or Groves’ or bi(‘hrome elements 
(two are sufhcierit, but the operation is more rajiid with four cells). 
The oxygen is evolved from the electrode connected with the car- 



bon or platinum plate ; the gas issuing from the other electrode is 
hydrogen. After the current has passed for some time, the tube o 
is partly filled with oxygen gas, and the hydrogen in the tube h 
occupies about twice the volume of the oxygen. On opening the 
stopcock o carefully, the characteristic property possessed by 
oxygen of rekindling a glowing piece of wood may be shown by 
allowing the escaping gas to play on it; and the hydrogen may be 
set on fire as it escapes from the tube h. 

2. The heating of certain oxides . — All compounds with oxygen 
of the metals of the platinum group ; of gold, silver, or mercury ; of 
the chlorine group of elements; of the higher oxides. of nitrogen , the 
higher oxides of the chromium group of elements chromium 
trioxide, chromates, potassium ferrate, manganate or permanga- 
nate, manganese dioxide, nickel and cobalt sesqiiioxides) ; of the 
calcium group of elements, and of lead; all these part with oxygen 
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at a bright red heat, and in many cases at a lower temperature. 
The action of sulphuric acid on the higher oxides also yields oxygen 
(see Manganese Dioxide^ and Chromate of Potassium) . 

Three typical examples are chosen ; — 

(a). The action of heat on mercAiric oxide . — The apparai;us is 
shown in fig. 9. A is a tube of combustion glass, which is more 
difficult of fusion than ordinary glass, sealed at one end, and closed 
at the other end with a perforated indiarubber cork through which 
a bent glass tube is inserted. This tube dips below the surface 
of the water in a glass trough, k, and its open end bends upwards, 



so as to deliver gas into an inverted jar, D, full of water. The 
hard glass tube contains some mercuric oxide. Heat is applied 
with a Bunsen’s burner.^B, care being taken to wave about the 
flame at first, so as to heat the glass tube gradually ; else it is apt 
to crack. After allowing some bubbles to escape, so as to ensure 
the expulsion of a^’r from the tube, the glass jar is placed above 
the exit tube, and the gas is collected. The mercury collects in 
the depression C. It was by this means that Priestley, one of the 
discoverers of oxygen, first prepared it in 1774. He named it 
dephlogisticated air (see p. 11). • 

(h). The action of heat on 'potassium chlorate . — This body is a 
compound of potassium, chlorine, and oxygen. The oxygen is 
wholly expelled, potassium chloride, a compound of chlorine and 
potassium, remaining behind. The chlorate is heated in a hard 
glass flask, by aid of a Bunsen burner (see Potassium Chlorate, 
p. 466). Tbe salt melts and begins to froth, owing to the evolution 
of oxygen. If some manganese dioxide be mixed with tbe chlorate, 
the gas is evolved at a lower temperature, but is not so pure 
(see Perchlorates ; also Oxides of Manganese).'*' 

(c). The action of heat on barium dioxide . — Barium forms two 
oxides, one, the monoxide, containing less oxygen than the second, 
. * Chem. Soc. J., 61, 274. 
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the dioxide. When the monoxide, a grey porous solid, is heated to 
dull redness in contact with dry air, it absorbs oxygen from the 
air, producing the dioxide ; the absorption is increased by pressure. 
On decreasing the pressure, the dioxide formed is decomposed ; 
the oxygen may be pumped off by means of an air-pump and 


B 



Fig. 10. 


forced into iron or steel bottles. This process is now carried out on 
a large scale, and indeed is the only method by which oxygen is 
made commercially. The barium dioxide is contained in vertical 
iron tubes, which are heated with gas from a Siemens’s “ pro- 
ducer,” the temperature being carefully regulated. 

3. By displacement. — The gaseous element fluorine, which 
has only recently been prepared, at once acts on water, combining 
with its hydrogen, and liberating its oxygen (see Ozone, p. 387). 
Chlorine and steam at a red heat react in a similar manner, 
hydrogen chloride and oxygen being produced. Chlorine gas 
also slowly acts on water exposed to sunlight, liberating oxygen. 
The halogens expel oxygen from certain oxides at a red heat; 
e.g*., from the oxides of lead, bismuth, zinc, &c. None of these are 
practical methods of preparing the gas (see Oxides of Manganese, 
Ghlorine, Silver, and Lead ; also Hypochlorites). 

Sulphur. — Sulphur may be prepared (1) by heating certain 
sulphides, e.g., those of gold and platinum, which part with their 
sulphur, leaving the metal; or by heating hydrogen sulphide, which 
splits into sulphur and hydrogen ; and (2) by heating certain per- 
sulphides (compounds of metals with sulphur which form more 
than one sulphide), the most important of which is iron pyrites. As 
sulphur combines directly with most other elements, there are few 
methods of preparing it by displacing it from its compounds; yet 
chlorine, bromine, or iodine dissolved in water combines with the 
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hydrogen of hydrogen sulphide in preference to the sulphur, so that 
the element is liberated (see also Poly sulphides of Sodium). 

The elements selenium and tellurium are most readily, pre- 
pared by displacement. The compounds which they form with 
oxygen are decomposed by sulphur dioxide, which absorbs their 
oxygen, itself changing to sulphur trioxide, and liberating the 
selenium or tellurium (see Selenium arid Tellurium JDiorides). 
Their compounds with hydrogen, dissolved in water, are decom- 
posed by atmospheric oxygen, the element falling to the bottom of 
the solution. 

An important source of sulphur is native sulphur., of which the 
chief impurity is earthy matter. The modern method of extraction 
is to melt it under water in a boiler by forcing in steam until the 
pressure rises to 25 lbs. on the square inch. The tempcmture of 
the water is thus raised to over 11 5^^, the melting point of sulphur. 
The melted sulphur is run off through a stop-cock in the side of 
the boiler, and when cold a fresh charge of impure sulphur is 
introduced, and the operation rei)eated. Sulphur is usually brought 
into commerce in the form of sticks cast in wooden moulds, and is 
in this form named roll sulphur. 

Sulphur is a by-product in the manufacture of alkali, being 
obtained from iron or copper pyrites (see Chapter XXXTX). 

Selenium is best obtained from certain residues in the manu- 
facture of sulphuric acid, by treating them with nitric acid^ and 
then precipitating the selenium with sulphur dioxide. 

Tellurium may be purified by distilling native tellurium at a 
red heat in a current of hydrogen gas. It is precipitated from its 
solutions by metallic zinc. 

Properties. — Oxygen is a colourless, odourless, tasteless gas, 
somewhat heavier than atmospheric air. It is very sparingly 
soluble in water; 100 volumes of water at 4° dissolve 3*7 volumes 
of oxygen. It has been condensed to a colourless transparent 
liquid by application of great pressure at a very low temperature, 
and when still further cooled, it freezes to a white crystalline solid. 
It was discovered independently by Priestley and by Scheele (see 
p. 11) in 1774 and 1775; it had previously, however, been recog- 
nised as a distinct “air” or gas by Mayow, about 1675 (see p. 9). 
Its true nature was made public by Lavoisier, as has already been 
noticed, although Mayow anticipated him in most of his con- 
clusions. Its name, “acid-producer” (ofrs r^ewaw)^ was invented 
by Lavoisier. 

Oxygen combines directly with all elements except the halogens, 
gold, and some metals of the platinum group. Silver and mercury, 
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altKoilgli they do not readily combine directly with oxygen, can be 
made to unite under pressure. Many elements, such as carbon, 
sulphur, and certain metals, do not unite with oxygen except when 
heated ; others, such as sodium, phosphorus, &c., combine at the 
ordinary temperature. The word “ combustion ” usually signifies 
union with oxygen, with evolution of light. All substances which 
bum in air burn with increased brilliancy in oxygen gas. It is 
respirable ; in its usual dilute state in air, it is when breathed 
absorbed by the blood, and serves to oxidise the carbon and 
hydrogen in the body, thereby generating animal heat ; if breathed 
in a pure state, however, oxidation takes ])laco with too great 
rapidity, and acute febrile symptoms are produced after a short 
time, followed by death unless the animal is allowed to respire air. 
The respiration of fishes is sustained by the small amount of oxygon 
dissolved in the water in which they exist. 

When an electric discharge is passed through oxygon, or when 
the element is liberated by the action of fluorine on water, a portion 
of it is changed to an allotropic form, which from its strong smell 
has been named ozone to smell). This substance will l^e 

considered as an oxide of oxygen, and is described on p. 387. 

The remaining three elements of this group, sulphur, selOr 
nium, and tellurium, form a well-marked series. They show 
progression in their atomic weights : thus S = 32, Se = 79 , 
Te = 125. The atomic weight of selenium is iieai ly the mean of 
those of sulphur and tellurium. They show a gradation of colour : 
sulphur is yellow, selenium red, and tellurium metullie. Sulphur 
is practically a non-conductor of elecbdcity, selenium conducts 
when exposed to light, and tellurium is a conductor. No allo- 
tropic form of tellurium is known. Selenium is known to exist in 
three forms : amorphous, which changes to crystalline when fused 
and kept for some time at 210°; this cry.stalline variety is insoluble 
in carbon disulphide ; the amorphous variety, produced by precipi- 
tating selenium with sulphur dioxide, is a bright-red powder, soluble 
in carbon disulphide, from which it deposits on evaporation in dark 
red crystals. Sulphur crystallises in two distinct forms : rhombic 
crystals (fig* 11), which are found native, and which may be arti- 
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ficially produced by crystallising sulphur from carbon disulphide ; 
and monoclinic needles (fig. 12), which may be prepared by melting 
sulphur, allowing it to cool till the surface has solidified, breaking 
the solid surface layer, and pouring out the liquid. The interior of 
the mass is filled with crystals. The monoclinic form also deposits 
from a solution of sulphur in ether or in benzene. The monoclinic 
form is less stable than the rhombic ; and the crystals, which are 
clear, transparent, and brownish-yellow, soon become opaque on 
standing, changing spontaneously into a mass of minute rhombic 
octohedra. This change is accompanied with evolution of heat. 
Other crystalline forms have recently been obtained. 

Selenium or sulphur, when di.stilled into a large chamber, 
condenses in part as a fine powder, named flowers of sulphur^ or of 
selenium. This is really a mixture of two varieties, one of which 
is insoluble in carbon disulphide, the other soluble. 

Again, in the state of liquid, sulphur exhibits allotropy. It 
melts at 115° to a clear, pale yellow, mobile liquid. At 200° it 
turns brown and viscous. When the first variety is poured into 
water, it at once solidifies to ordinary brittle crystalline sulphur, 
soluble in carbon disulphide. The viscous variety, however, if 
poured into water, changes to a curious elastic, indiarubber-like 
substance, insoluble in carbon disulphide, whichonly slowly regains 
its former condition. Between 40(^° and 446°, its boiling point, 
sulphur again become'”'mobile, still remaining brown. A variety 
of sulphur soluble in water has recently been discovered.* Sulphur 
produced by precipitation has a white colour, and its mixture with 
water is known as milh of sulphur. 

In the gaseous state also, sulphur displays allotropy. Its 
density at low temperatures implies a high molecular weight, but 
at high temperatures the molecule is simpler and weighs less 
(see p. 614). ^ 

These elements unite direotly with oxygen, burning in the air 
wrhen heated; they also combine with each other, with the halogens 
(the compounds with bromine and with iodine are ill-defined), and 
with all other elements except nitrogen, when heated in contact 
with them. They are without action on water at the ordinary 
temperature. 




• Chem. Soc. J., 68, 283. 
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Physical Properties. 

Mass of 1 c.c. 

f 

Solid. Liquid. 

Oas. 

Density, 

H = 1. 

Oxygen 

? 

1 -24 at -200° 

0 *001429 
(at 0° and 
760 mm.) 

15*96 

Sulphur (rhombic) * . 

2 07 at 0° 

1*8 

— 

32-27 
(at 1040°) 

„ (monoclinic) 

1*98 


— 

— 

„ (plastic) 

1 *95 at 0° 

— 

— 

— 

Selenium, crystallised 
from fusion 

4*4 

4*3 


82*2 

(at 1040°) 

Selenium, crystallised 
from solution 

4 -8 at 15° 

— 

— 

— 

Selenium, amorphous 

4-3 

— 

— 

— 

Tellurium 

6 *23 at 0° 

— 

— 

131*4 
(at 1440°) 



Melting- 

Boiling- 

Specific 

Atomic 

Molecular 


point. 

point. 

Heat. 

Weight. 

Weight. 

Oxygen 

Below -212° 

-186° 

0 *2175 

16*0 

32 

Sulphur (rhombic) . . 

115° 

446° 

0*1776 

32 *06 

64*02 

„ (monoclinic) 

120° 

— 

— 

— 

to 

„ (plastic) .... 

— 

— 


— 

252 *16 ? 

Selenium, crystallised 
from fusion 

217° 

665° 

0*0746 

79 *0 

158*0 
to ? 

Selenium, crystallised 
from solution 

— 

— 

— 

— 

— 

Selenium, amorphous 

About 100° 

— 

— 

— 

— 


Tellurium Below Bright red 0 ’0483 125 '0 250 

redness heat (crystalline) to 


„ — — 0 0518 — ? 

(amorphous) 

Vajpour Pressures of Oxygen at different Temperatures* 

Temperature .... — 118’8® (crit.) —121*6° —125*6° — 129’0° 
Pressure, atmos. . . 50 ’8 (crit.) 46 ’7 40*4 34*4 

Temperature —146*8° —155*6° —166*1° —175*4 

Pressure, atmos. •• 13*7 8 *23 4*26 2*16 

Temperature — 

-181*6° -190° -192*71° -196*2° -198*7° -200*4° -211*5° 

Pressure, mm. — 

740 160 71 60 20 20 9 

These low temperatures were produced by the evaporation of liquid ethylene 
under reduced pressure. The mass of 1 c.c. of oxygen at its boiling point, 
— 181*4°, under a pressure of 742*1 mm. wae found to be 1*124 grams. 


» Comptes rend., 98 , 982; 100 , 350, 979; 102 , 1010. 
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Vapour Densities of Sulphur, Selenium, and Tellurium . — These are dis- 
cussed on p. 614. 

Appendix, — Air. — Air is not a chemical compound, but a 
mere mixture of nitrogen and oxjgen gases. That this is the case 
is shown by the following considerations : — (1.) There is no heat 
change on mixing oxygen and nitrogen gases ; when a compound 
is formed, heat is usually evolved. (2.) The density of air is the 
mean of the densities of the constituent gases ; its refractive index 
for light is also the mean of those of oxygen and nitrogen taken in 
the proportions in which they occur in air ; and so with other 
physical properties. Such properties, possessed by a compound, 
are not the mean of those of its constituents. (3.) Oxygen is 
more soluble in water than nitrogen. On saturating water with 
air, oxygen dissolves in greater amount than nitrogen ; and the 
gas evolved from the water when it is heated contains a larger 
proportion of oxygen than does air. (4.) There is no simple rela- 
tion between the atomic proportions of the nitrogen and oxygen in 
the air. Such a relation would be characteristic of a compound. 
The actual composition by weight is, approximately, nitrogen 
= 77 per cent. ; oxygen = 23 per cent. Dividing these numbers 
by the atomic weights of nitrogen and oxygen respectively, 14 and 
16, we obtain the quotients 5*55 and 1*44, representing the relative 
number of atoms of nitrogen and oxygen m air. The simplest 
proportion between thes ? numbers is 3*85 to 1 ; although the ratio 
approximates to the ratio 4:1, yet it is far from being a simple 
one, as it would be, were air a compound. A substance of the 
formula !N ^40 would contain 77*8 per cent, of nitrogen and 22*2 per 
cent, of oxygen. 

Air contains, in addition to nitrogen and oxygen, water-vapour 
(about 0*84 per cent, by weight, or 1*4 per cent, by volume, on the 
average), carbon dioxide, from 0'049 to 0*033 per cent, by volume, 
and a few parts of ammonia per million. Subtracting these from 
air, the ratio of oxygen to nitrogen by volume approximates to 
79*04 volumes of nitrogen, and 20*96 volumes of oxygen. But 
its composition varies slightly in different places and at different 
times, although the action of air currents and winds tends to 
keep it nearly constant. 

Air has been liquefied by cooling to —192® ; but, as oxygen and 
nitrogen have not the same boiling points, the less volatile oxygen 
doubtless liquefies first. 

Air is analysed (1) by mixing a known volume with a known 
volume of hydrogen, and exploding the mixture. The oxygen is 
withdrawn as water, and the residual nitrogen is measured. 
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2. By passing air deprived of carbon dioxide and moisture over 
ignited copper. The oxygen unites with the copper, forming 
oxide ; and its amount is ascertained by the gain in weight of the 
copper; the nitrogen passes on into an empty globe, previously 
weighed. The gain in weight of the globe gives the weight of 
nitrogen. 


APPENDIX. 

Equations expressing the preparation of elements of Q-roups IX, X, XT, and 
XII. 

Nitrogen. — 2NH3 = Nj + 3H2. 

2 NH 3 + 304 = Nj + 3HCL 
4NH3 + 3O2 = 2N2 + 6II2O. 

Vanadium . — 2VCI3 + 3II2 ~ -f 6HC1. 

Fhosphorue . — 4HPO3 + 120 = P4 + 2TI2 + 1200 . 

Arsenic . — FeSAs = As + FeS. 

Antimony . — Sb2S3 + 3 Fe = 2Sb + 3 FeS. 

Molybdenum . — M0OI4 + 2II2 = Mo + 4 IICI. 

Tungsten . — WO3 + 3H2 = W + 3II2O. 

Uranium . — UOI4 + 4 Na = U + 4 Na 01 . 

Oxygen. — 2H2O = 0 ^ + 2II2. 

2 HgO - O2 + 2 Hg. 

2KCIO3 = 3O2 -f 2K01. 

2Da02 ” O2 ■+■ 2DaO. 

H2O + 012 = 0 + 2HCI. 

Sulphur . — 2AU2S3 = 3S2 + 4 Au. 

2 FeS 2 - So + 2 FoS. 

2E2S + O3 = 82 + 2H2O. 

Selenium . — Se03 + 2SO2 + 2II2O = Se + 2H2SO4. 
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CHAPTEE VI. 

THE ELEMENTS (continued). 

GROUP xni, THE HALOGEN GROUP; GROUPS XIT AND XV, THE PALLA- 
DIUM AND PLATINUM GROUPS; GROUP XVI, THE COPPER GROUP. 

Group XIII.— Fluorine, Chlorine, Bromine, Iodine. 

The elements fluorine and manganese present little, if any, 
analogy. Hence, just as oxygen is best classified along with 
sulphur, selenium, and tellurium, presenting little, if any, analogy 
with chromium, so with the elements of this group, manganese and 
fluorine having little or nothing in common. Both chromium and 
manganese, it will be remembered, are most conveniently classed 
with iron, nickel, and cobalt. 

The halogens, as these elements are called, are strikingly like 
each other. They have all low boiling and melting points ; and 
they all combine readilv, with other elements, oxygen and nitrogen 
excepted. They all are found in combination ; free iodine has 
been found in the water from Woodhall Spa, near Lincoln.* 

Sources. — Fluorine occurs in nature, combined with calcium, 
influor spar or Derbyshire spar ; in cryolite^ combined with sodium 
and aluminium ; and sometimes in apatite^ a compound of phos- 
phorus, oxygen, and calcium — calcium phosphate, combined with 
calcium fluoride. It occurs in small quantity also in the enamel 
of the teeth and in the bones : it is very widely distributed in 
nature, although not very abundant. 

Chlorine, bromine, and iodine are all contained in sea- 
water, in combination with sodium, potassium, and magnesium. 
Chlorine also occurs in rock salt, of which large mines exist in 
Cheshire, and in the neighbourhood of the Tyne, in ^N'orthumber- 
land. Certain rare ores of silver and mercury contain these metals 
in combination with chlorine, bromine, and especially with iodine. 
The chief source of bromine and iodine is sea-weed, which 
absorbs the compounds of these elements from sea-water.f Iodine 
is also largely obtained from Chili saltpetre, or sodium nitrate, 

• Chem News, 64, 300. f Dingl, polyt. J., 126, 85. 
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which contains it in small amount in combination with oxygen and 
sodium as sodium iodate.* 

Preparation. — 1. By electrolysis . — This is the only method of 
preparing fluorine ; liquid compounds, or solutions of compounds 
in water, of the other halogens also yield the elements by this 
process. The preparation of lithium by the electrolysis of its fused 
chloride (see p. 29) affords an example of the application of elec- 
trolysis to a fused compound of chlorine. The gas is evolved at the 
positive or carbon pole, the metal being deposited on the negative or 
zinc pole. Concentrated solutions in water of chlorides, bromides, 
or iodides yield these elements on electrolysis, for such solutions 
conduct electricity, and the halogens, with exception of fluorine, 
are not readily acted on by water. Thus hydrogen chloride dis- 
solved in water (hydrochloric acid) splits into chlorine and hydro- 
gen gases when electrolysed. The poles should consist of gas 
carbon, or platinum, all other substances being attacked, more or 
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less, by the chlorine produced. Fluorine, however, cannot be 
liberated in presence of water, for it immediately acts on it, liberat- 
ing oxygen as ozone. Hence, it is prepared by electrolysing in a 


• Dingl. polyt. J., 263, 48. 
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Lf-tube made of an alloy of platinum and iridium, which is but 
slightly attacked, a solution of potassium fluoride in dry hydro- 
fluoric acid cooled to a low temperature. It is necessary to use 
such a solution, inasmuch as pure hydrogen fluoride does not conduct 
electricity, and unless the liquid conduct, electricity cannot pass, and 
electrolysis cannot take place. The apparatus used by M. Moissan,* 
who has recently isolated this element, is shown in fig. 13. 

2. By displacement . — No element appears capable of displacing 
fluorine from its compounds without combining with it. But 
chlorine, bromine, and iodine are usually prepared by displacing 
them from their compounds with potassium, sodium, magne- 
sium, &c., by means of oxygen. The oxygen, however, is not 
employed in the gaseous state. At a red heat, indfeed, such dis- 
placement is possible. The action of oxygen, for instance, on red- 
hot magnesium chloride yields chlorine, while a double compound 
of chlorine, oxygen, and magnesium (oxychloride) remains behind : 
again. Deacon’s process for producing chlorine, which depends on 
the interaction of the oxygen of the air and hydrogen chloride at 
330° in presence of bricks coated with dry copper chloride, yields 
chlorine and water as products. The usual method, however, of pre- 
paring halogens consists in acting on hydrogen chloride dissolved 
in water (hydrochloric acid) with a peroxide. The peroxide 
yields a portion of its oxygen to the hydrogen chloride, forming 
water and chlorine. "The remaining hydrogen chloride sub- 
sequently reacts with the oxide. The peroxide generally used 
is manganese dioxide ; but peroxides of lead, barium, &c., potas- 
sium permanganate, bichromate, and other peroxides may also be 
employed. When a mixture of chloride, bromide, and iodide of 
potassium or sodium is treated so as to liberate the halogens, 
the iodine is liberated first, then the bromine, and lastly the 
chlorine. 

* 

3. By heating compounds of the elements * — Most of the com- 
pounds of the halogens are remarkably stable, and although some, 
such as hydrogen chloride, may be decomposed by exposure to an 
exceedingly high temperature, yet re -combination takes place on 
cooling, so that the halogen cannot be isolated. Fluorine, how- 
ever, is said to have been prepared by heating cerium or lead tetra- 
fluoride.f The chloride, bromide, and iodide of nitrogen are ex- 
tremely explosive bodies, at once decomposing into their elements 
when warmed or when exposed to shock ; the higher chlorides 
and bromides of phosphorus and arsenic, when heated, yield lower 

* Comptes rendusy 102, 1543 ; 103, 202 and 256. 

t Berichtey 14, 1944. 
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eompounds and the halogens ; compounds of halogens with 
oxygen are also unstable, and are resolved with explosion into 
their, elements when heated ; compounds of the halogens with 
each pther are also easily decomposed by heat. The halogen 
compounds of gold, platinum, &c., are decomposed into their 
elements by heat. This type of reaction, however, does not afford 
a practical method of preparation. 

Preparation of chlorine . — About 30 grams of powdered man- 
ganese dioxide are placed in a flask closed with a double bored 
cork ; through one hole passes a tube communicating with a wash- 
bottle full of water; through the other a thistle funnel passes. 
Strong hydrochloric acid (solution of hydrogen chloride in water) 



is added, and gentle heat is applied. The gas issues from the exit 
tube of the wash-bottle, and may be collected over warm water, in 
which it is less soluble than in cold ; or, better, by downward dis- 
placement, for it is heavier than air. The latter arrangement is 
shown in the figure. To show the tendency of chlorine to com- 
bine with other elements, powdered antimony may be thrown into 
a jar containing it ; the metal will burn. A candle will be found 
to burn in chlorine with a sooty flame ; the hydrogen combines, 
but the carbon is liberated as soot. A solution of chlorine in 
water acts as a bleaching agent : a coloured rag dipped in such a 
solution is soon bleached ; the chlorine combines with the hydro- 
gen of the water, liberating oxygen, which oxidises 
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substances to colourless ones. Lastly^ some chlorine-water, as a 
solution of chlorine in water is termed, added to a solution of a 
bromide or iodide, e.g.^ potassium bromide or iodide, liberates these 
elements. Similarly, bromine-water, added to an iodide. Ulcerates 
iodine. 

Properties. — In the gaseous state these elements have all a 
strong disagreeable smell ; that of fluorine, however, is the smell 
of ozone, for it acts on the moisture in the nose, liberating ozone. 
Fluorine appears to be colourless, chlorine is greenish-yellow, 
bromine deep red, and iodine violet. The names xXtu/)os, 
yellowish -green, a stench, and violet, refer to these 

properties. As it is impossible to confine fluorine in any vessel 
which it does not attack, no attempt to liquefy it h'as been made. 
Chlorine may be condensed to a greenish-yellow liquid, boiling at 
a very low temperature ; it solidifies to a solid of the same colour.* 
Bromine is at ordinary temperatures a deep brownish-red liquid, 
freezing to a blackish-red solid ; and iodine at ordinary tempera- 
tures is a bluish-black lustrous solid, melting to a brownish-black 
liquid. It sublimes readily. 

Chlorine, bromine, and iodine dissolve in carbon disulphide and 
tetrachloride, in alcohol and ether, and also in water. One volume 
of water at 0® absorbs 2 58 volumes of chlorine ; and at 15®, 
2 36 volumes. Bromine is soluble in 30 times its weight of water 
at 10° ; iodine is vei'y sparingly soluble in pure water. The 
presence of chlorides, bromides, and iodides in the water greatly 
increases the solubility of the halogens : it is possible that the 
solubility of chlorine and bromine in water depends on their 
interaction with the water. Chlorine and bromine combine with 
water to form crystalline hydrates. Bromine and iodine form 
compounds with starch; the former has an orange colour, the 
latter is deep blue. The compound of iodine with starclj is used 
as a delicate test both for iodine and for sfarch. 

These elements combine directly with each other, and at a 
high temperature, or when moist, with all others except carbon, 
nitrogen, and oxygen. f The only solid elements which withstand 
their action even partially are carbon, and iridium, or better, its 
alloy with platinum. Fluorine attacks glass and porcelain, but the 
other halogens are without action on these substances, and may be 
exposed in glass or porcelain vessels to a high temperature. 

All these elements tend to combine with hydrogen, whether 
free or in combination, hence their irritating action on the 


• Monatsh. Chem.y 5, 127. 


t Chem. Soc. /., 43, 163. 
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organism, which chiefly consists of compounds of carbon, hydrogen, 
and oxygen. They produce catarrh of the mucous membranes 
when, breathed. 

No allotropic modifications of these elements are known. 


Physical Properties, 

Mass of 1 c c. 

f * ^ Density, Melting- 

Solid. Liquid. H = 1. point. 


Fluorine ? ? 18 *3 at 15® . , ? 

Chlorine ? 1 *33 at 15*5® 35 *4 at 200° Below —102® 

Bromine ? 3 *18 at 0®.. 80 *0 at 228® -7*05° 

Iodine 4*95 4-OOatm.p. 128 85 at 445® 114 15® 

Boiling- Specific Atomic Molecular 

point. Heat. Weight. Weight. 

Fluorine ? ? 1 9 '0 38 • 0 

Chlorine -102° ? 35*46 35-46— 70*92 

Bromine 58*75° 0*0843 soUd 79 *95 79 *95—159*9 

Iodine 184*35° 0*0541 .... 126*85 126*85—253-7 


Vapour-densities of Chlorine^ Bromine^ and Iodine . — These are considered 
on p. 616. 


Groups XIV and XV. — Ruthenium, Rhodium, Pal- 
ladium; Osmium, Iridium, Platinum. 

These metals are always associated. They fall into two groups 
of three, members of the first of which have atomic weights of 
about 105, and of the second, about 193. They are always found 
native, or in combination with each other. They are very difficult 
of attack by any process -. even chlorine or oxygen at a red heat 
produces little effect ; hence their occurrence in the free state. 

' Sources. — (a). Metallic particles, consisting chiefly of plati- 
num and palladium, but containing small quantities of the other 
metals, occur as flattened grains in the sand of certain rivers in 
Brazil, Mexico, California, and on the west side of the Ural 
Mountains. 

(h). Metallic particles, chiefly consisting of osmium and 
iridium, and named osmiridium^ occur along with the grains of 
platinum. The complete separation of these metals is a matter of 
great difficulty (see p. 475).* 8,000 kilos, of platinum ore were 

exported from the Ural Mountains in 1881. 


* Consult Annales (3), 60, 1 and 385; also Chem. News^ 89, 175. 



78 


THE ELEMENTS. 


Properties. — These elements are all white, with a jrreyish 
tinge, and possess strong metallic lustre. They melt only at a 
very liigh temperature ; in practice they are fused by meana of a 
blowpipe flame of oxygen and hydrogen in crucibles of li^e, on 
which they are without action (see fig. 31, p. 194). Owing to 
their ability to resist oxidation, an alloy of 90 per cent, of plati- 
num and 10 per cent, of iridium is used for crucibles, retorts 
for evaporating oil of vitriol, &c., and for standards of length (e g., 
the French standard metre). The alloy of osmium and iridium, 
owing to its extreme hardness, is employed in tipping gold pens, 
and as bearings for very delicate wheel work. These alloys are 
very costly, which somewhat limits their use. The metals can be 
welded. ' 

Platinum and palladium form compounds with hydrogen, in 
which the last element appears to play the part of a metal in an 
alloy (see Alloys, p. 576). 

The nSiTne platinum, signifying “little silver,” was given to the 
metal by the Spaniardsv The name rhodium refers to the red 
colour of its salts. The other names are fanciful, except osmium, 
so called from ^<rfArj, a smell, in allusion to the strong odour of its 
volatile oxide. 

Allotropic forms of iridium, ruthenium, and rhodium have been 
prepared by fusing the metals with zinc or lead, and subsequently 
dissolving out the z'uic or lead with an acid.* The iridium, 
ruthenium, or rhodium is left as a black powder which explodes 
on gently warming, being converted into the ordinary form of the 
metal. Osmium, iridium, and platinum are the heaviest substances 
known, being more than 21 times as heavy as water. 


Physical Properties. 


Hass of 1 c.c. Melting- Specific Atomic Molecular 
Solid. point. Heat. Weight. Weight. 

Euthenium 12 *26 at 0^. — 0*0611 101*65 ? 

Ehodium 12*lat? .. — 0*0580 103*0 ? 

Palladium 11*4 at 225® — 0*0593 106*35 ? 

10 *8 (liquid) 

Osmium 22*48 at?.. — 0*0311 191*3 ? 

Iridium 22 *42 at 17 *5° - 0*0326 193*0 ? 

Platinum 21 * 60 at 17 *6° 1700 ? 0 * 0324 194*3 ? 

18 *91 (liquid) 


* Debray, Comptes rend., 90, 1195. 
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Group XVI.— Copper, Silver, Gold, Mercury. 

Of these elements copper, silver, and gold probably belong to 
the same group: owing to considerable resemblance which mer- 
cury bears to them in its compounds, it is convenient to include it 
in the group. 

Sources. — All these metals are found native, for all can resist 
the action of oxygen at the ordinary temperature. All occur, 
besides, in combination with sulphur and with arsenic. The chief 
ore of copper is copper pyrites^ in which it is combined with iron 
sulphide and sulphur ; and other important ores are the oxide, 
cuprite^ or red copper ore^ and the sulphide, copper-glance ; besides 
these, it is found in two forms in combination with carbon and 
oxygen as carbonate, viz., malachite and azurite. 

Silver is mostly found native. But silver-glance or sulphide, 
pyrargyrite, proustite^ and silver -copper-glance^ in which it is associ- 
ated with sulphur, antimony, arsenic, and copper, are also impor- 
tant, and it also occurs in combination with the halogens. Th6 
chloride is named horn-silver. 

Gold chiefly occurs native, forming veins and nuggets in 
quartz-rock; but it also accompanies copper and silver as ai^senidc 
and sulphide; and is sometimes associated with tellurium and 
bismuth. The chief mines are in California, Australia, and the 
Cape ; but it is now mined in Wales, and it is found in upper 
Lanarkshire, in the Leadhills. 

Mercury sometimes occurs free, but its most important ore is 
cirmahar, the sulphide, of which large mines are worked in Austria, 
Spain, China, and California. 

Preparation. — The preparation of copper from ores in which 
it is not associated with sulphur is simple. The ore is powdered 
anji heated with some form of carbon. The carbon unites with the 
oxygen, forming gaseous carbon monoxide, and the copper fuses, 
and owing to its greater specific gravity settles at the bottom of 
the furnace. Copper oxide does not decompose by heat alone ; 
but when heated in an atmosphere of hydrogen it is “ reduced,’^ 
the hydrogen uniting with the oxygen to form water. 

If in union with sulphur, one of two methods may be adopted : 
(1.) The sulphide of copper is roasted ill air, whereby it absorbs 
oxygen, and is converted into sulphate of copper. This is some- 
times brought about by leaving the copper ore lying exposed to air 
for years. The sulphate of copper is treated with water, which 
dissolves it ; and on addition of scrap-iron, the iron replaces the 
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copper in its compound with sulphur and oxygen, forming sulphate 
of iron, and the copper is precipitated as a metallic sponge. It is 
then collected, dried, and smelted. This is called the 
process of extraction. The latter part of this process may be ^hown 
on a small scale by dipping into a solution of copper sulphate a 
piece of bright iron, such as the blade of a knife ; it will soon 
become covered with a deposit of metallic copper. (2.) The dry 
process consists in roasting the ore : the iron contained in it com- 
bines with oxygen, the copper remaining as sulphide. The oxide 
of iron is made to unite with sand, or silica, forming a “ slag,” and 
by repeating this process several times the copper is finally 
obtained as sulphide. The sulphide is roasted ; both copper and 
sulphur are oxidised, and a reaction occurs whereby copper sepa- 
rates in the metallic state ; the oxygen of the copper oxide unites 
with the sulphur of the copper sulphide, forming sulphur dioxide, 
a gas, which escapes, while metallic copper remains. It is melted 
and brought to market (see Chapter XXXVIII). 

Copper chloride loses its chlorine when heated in hydrogen ; 
hydrogen chloride is formed, and the metal remains. 

Mercury is easily separated from the sulphur with which it is 
combined in cinnabar, by roasting in specially constructed fur- 
naces ; the oxygen of the air unites with the sulphur, forming 
gaseous sulphur dioxide, and the mercury passes in the form of 
gas through a series cold chambers or earthenware pots, in 
which it condenses to the metallic state, while the sulphur dioxide 
escapes. This process may be illustrated by heating in a hard 
glass tube some powdered cinnabar and aspirating over it a 
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current of air. Tlie metallic mercury will condense in the cold 
part of the tube in small globules, while the sulphur dioxide gas 
will be carried on into the aspirator (see fig. 15). 

JMlprcury can also be prepared by heating its oxide (see p. 491) 
although its compounds with the halogens also split into mercury 
and halogen when heated, yet they recombine on cooling ; hence 
the metal cannot be prepared by this method unless hydrogen, or 
some other metal, e.g., iron, is present to combine with the halogen. 

Mercury may be purified from iron, zinc, lead, and othei* metals 
accompanying it by distillation, preferably at a low pressure; and 
by drawing a slow stream of air for several days through an 
inclined tube containing the impure metal. 

Silver is Extracted from its ores, in which it exists chiefly as 
sulphide, by roasting the ore with common salt, wdiich is a cam- 
pound of sodium and chlorine. The cliange is represented as 
follows : — 


Salt 


/ Sodium 
\ Clilorino 


r Silver . . 
Silver sulphide I 



Sodium sulphide. 
Silver chloride. 


The silver and chlorine combine, and the sulphur and sodium. 
Such a reaction is termed a “double decomposition.” The next 
stage in the process is to mix the mass with water, and to add 
scrap-iron, rotating the mixture in wooden barrels. The clilorine 
and iron combine, the silver separating as a spongy mass. 
Mercury is added to dissolve the silver; and after renewed rota- 
tion of the barrels, the mercury is drawn off, dried, and distilled. 
The volatile mercury distils away, leaving the much less volatile 
silver behind. 

Silvdt is also largely extracted from lead ores and from copper 
or^s (see Chapter XXXVIII).* 

The process of extracting gold from gold quartz is a mechani- 
cal one, for the most part. The ore is stamped to fine powder in 
mills for the purpose, and washed with water. The fine powder 
is made to run over a runnel of copper, coated with mercury ; the 
sand is carried on, but the grains ot gold unite with the mercury, 
and are retained. The mercury is then squeezed through chamois- 
leather : the alloy (or amalgam) of gold and mercury is very 
sparingly soluble in mercury; hence it remains almost entirely 
behind. The mercury is then distilled off, and, along with that 

* Eor the preparation of pure silver, see Stas, Annalen, Suppl. 4, 168, 

* a 
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portion which had passed through the chamois-leather, used for 
re-coating the copper plates. 

When the gold exists mixed with sulphides, these are rqasted 
to remove salphur and arsenic, which unite with the oxygen of 
the air and volatilise away. The residue containing the gold is 
heated under pressure with chlorine- water, when the gold unites 
with the chlorine, going into solution as chloride of gold. The 
gold is then precipitated on metallic copper. 

The preparation of mercury, silver, and gold from the chlorides 
may he shown, (a) by placing a piece of bright copper in a solution 
of mercuric chloride; (b) by laying on the top of a bead of fused 
silver chloride a piece of zinc and adding a little hydrochloric 
acid ; (c) by placing a slip of clean copper foil in a solution of 
chloride of gold. 

Properties. — Copper is a red metal ; silver, bidlliant white ; 
gold, yellow ; and mercury, white with a faint grey tinge. Mercury 
is liquid at the ordinary temperature, but freezes at — 40° to a 
malleable solid. Silver is the most ductile of the remaining three 
metals ; gold is the softest, and the most malleable. Gold and 
silver leaf, used for gilding and silreruig, are made by beating the 
metals into leaves with wooden mallets : when thin they are pro- 
tected from the direct blow of the mallet by layers of gold-beaters’ 
skin. Copper may also be beaten or rolled into foil and leaf. 
Gold leaf transmits ^.'ocn light ; silver leaf, blue light ; and copper 
leaf, bluish or pink light. All of those metals conduct electricity 
well. Placing silver equal to 100 at 0”, copper has a conductivity 
of 77*48 at 18'’ *8, and gold of 55*19 at 22 7°; mercury follows with 
a conductivity of 1*63 at 22 8°. 

Silver can be distilled at a white heat. Its vapour is bluish- 
purple. It has the peculiarity of dissolving oxygen (about 
22 times its volume) when liquid aud discharging it during solidi- 
fication (“spitting”). 

Mercury distils about 358°. Its vapour is colourless. 

Copper is rendered brittle by slow cooling, and is softened by 
rapid cooling. The properties of all these elements are very 
singularly modified by the presence of traces of others. Thus the 
smallest tpace of arsenic renders gold exceedingly brittle ; a trace 
of phosphorus in copper greatly increases its tensile strength ; a 
minute trace of zinc in mercury completely modifies its surface 
tension. 

For the composition of coins, jewellers’ metal, &c., see Alloys 
(p. 587). 

Of these elements, none is oxidised on exposure to air, but 
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copper at a red heat, mercury at the temperature of ebullition, 
and silver heated in air under a pressure of several atmosphere's 
unite ‘with oxygen. G(dd does not combine directly with oxygon. 
The oroides of the last three are easily decomposed by heat. These 
metals all unite directly with sulphur, selenium, and tellurium, and 
with arsenic ; with chlorine, bromine, and iodine, and with mf)st 
metals. They do not unite directly with nitrogen. 

Physical Properties. 


Mass of 1 c.c. 



r 


Density. 

Melting- 


Solid. 

Liquid. 

H = 1. 

point. 

Copper 

. 8 90 

(at 0°) 

8-2 

? 

1330'’ 

Silver 

10-57 

9-6 

? 

1040'’ 

Gold 

19-29 

171 

? 

1240^ 

Mercury 

34-19 

(-40°) 

13-596 
(at 0^) 

100-1 

-40° 


Boiling- 

Sreciflc 

Atomic 

Molecular 


point. 

lleat. 

Weight. 

Weiglit. 

Copper 

? 

0-0935 

03-40 

? 

Silver 

White heat 

0 0570 

107 *93 

107 93 

Gold 

? 

0 032 fc 

197 22 

197 22 

Mercury 

358 2° 

0 0319 
(solid) 

200 2 

200-2 


General Remarks on the Elements. 

(1.) Classification. — It has bf'en customary to divide tlu' 
elements into two classes: the metals, those which are opaque and 
which exhibit metallic lustre ; such elements are more or less good 
conductors of electricity and heat: and the non-metals, comprising 
the remakiing elements. Such a division tends to obscure the rela- 
tions between them ; it is, so far as we know, an arbitrary division, 
and is sanctioned only by long custom. Other objections which 
might be taken to this division are that a number of elements, such 
as titanium, arsenic, and tellurium, are difficult to classify, being 
sometimes considered as metals, sometimes as non-metals : and a 
still more important objection is that certain elements can exist in 
both forms. Thus silicon, phosphorus, and carbon exist in com- 
pact crystalline forms, with dull metallic lustre, and are then 
conductors of electricity ; while they also exist in forms incapable 
of conducting, and without metallic lustre. Such reasons have 
led to the abandonment of this classification hero. Still the name 
inetal has generally been applied in this book to thosf^ elements 

a 2 
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which are usually ranked as such ; though it is to be understood in 
a loose, colloquial sense. 

It- will, however, be convenient to trive a list of non-metals, so 
that the old classitication may be understood. ft 

List of non-metals.- — Hydrogen (?), boron, carbon, silicon, 
titanium (?), zirconium (?), nitrogen, phosphorus, vanadium (?), 
arsenic (?), antimony (?), oxygen, sulphur, selenium, tellurium (?), 
fluoi'ine, chlorine, bromine, iodine. 

The sign (?) denotes that these elements are sometimes in- 
cluded in, sometimes excluded from, the class of non-metals. The 
remaining elements are classed as metals, 

(2.) Sources. — As a general rule, those elements are found 
native which are unaffected by oxygen and moisture in air at the 
ordinary temperature. Thus carbon, nitrogen, sul{)hur, selenium, 
tellurium, the platinum group of metals, and copper, silver, 
mercury, and gold are among these. It is curious that hydrogen 
is not found native to any great extent, for it fulfils these condi- 
tions. There appears no reason why air should not contain small 
traces of hydrogen, unless, indeed, its molecular motion may carry 
it out of the sphere of the earth’s attraction.* 

Those compounds of elements with the halogens which are not 
decomposed by water as a rule exist native. Among these are 
chlorides, bromides, and iodides of sodium, and potassium ; of 
silver, lead, and mop-ury. From the abundance of oxygen, and 
the tendency which most elements have to combine with it, the 
oxides and double oxides are the most widely spread compounds : 
for example, the silicates, carbonates, phosphates, nitrates, &c. 
The sulphides rank next in order of distribution ; only those 
stable in presence of air and water, however, occur abundantly. 
It is indeed probable that the mass of the earth consists largely 
of sulphides ; for the specific gravity of our globe has b&en found 
by astronomical measurements to be times that of water, while 
the average specific gravity of the crust cannot well exceed 3. 
It appears not unlikely that the greater density is caused by 
the presence of the denser sulphides in the interior; and the 
prevalence of sulphur in volcanic districts, where the interior of 
the earth is in a state of disturbance, would support this supposi- 
tion. Some few elements occur in combination with arsenic alone, 
or with arsenic and sulphur. 

3. Preparation. — It will have been noticed that there are 

♦ A siiyilar theory would account for the absence of an atmosphere on the 
moon. 
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three general methods of prepa?‘ing elements from their com- 
pounds. These are — 

(ct.) Electrolysis of a liquid compound of the element or 
of a solution of a solid compound in water. — It is question- 
able whether solids or gases can be electrolysed ; at all events, the 
constituents cannot be conveniently collected ; hence the limitation 
to the liquid state. It appears probable that no perfectly pure 
compound is capable of conducting electricity ; those at least, such 
as pure water, hydrogen chloride, <fec., which can be obtained 
nearly pure do not appear to do so. A liquid mixture, however, .is 
almost always an electrolyte, t.e., capable of yielding its elements 
under the influence of a current of electricity. In many cases no 
easily fusible compound of the element required is known, or it 
is difficult of preparation, or it does not conduct; in other cases 
the liberated element acts upon water, forming an oxide and 
liberating hydrogen ; hence the method is somewhat limited. 

(h.) Heating a compound of the element required. — It is 
almost certain that all compounds, it* lieated to a sufficiently high 
temperature, would decompose into their elements. But, unless 
one of the elements possesses a much lower boiling-point than the 
others with which it is combined, separation cannot be eft'eeted, as 
a rule, for in moat instances recombination occurs on cooling. It 
is owing to the great difference in volatility of niercnry and 
oxygen that the latter can be prepared by heating mercnidc oxide ; 
on similar grounds, chlorine can be prepared from gold chloride* ; 
or sulphur, by beating platinum sulphide or hydrogen siilj)bid(*. 
In many cases only a j)ortion of one of the combined elements is 
evolved as gas, as, for instance, oxygen from manganese, barium, or 
lead dioxides, or from chromium trioxide. 

(c.) By displacing one element from a compound by 
the action of another, — This method is very largely used. 
The agents of displacement, however, are limited in number. It 
is obviously essential to the success of the process that the element 
used as a displacer shall not combine with the one to be displaced ; 
or, if it do so combine, that it shall be easily expelled from its com- 
bination by heat; or that it shall combine much more, readdy 
with one of the elements in the compound acted on than with the 
other. 

Thus no metal will displace phosphorus or oxyen from their 
compound, phosphorus pentoxide, because all metals combine with 
phosphorus and oxygen. Again, aluminium may be prepared by 
removing chlorine from its chloride by the action of sodium ; for 
the compound or alloy of aluminium and sodium which is doubt- 
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Jess produced is easil/ decomposed by heat into sodium, which 
volatilises away, and aluminium, which remains non-volatile at 
the temperature employed. And lastly, sulphur may be pi’oduced 
by the action of an insufficient quantity of oxygen on iti^ com- 
pound with hydrogen ; for hydrogen combines so much more 
readily with oxygen than sulphur does that water is formed, 
little of the sulphur combining with the oxygen; and, as another 
instance, carbon is liberated from its compounds with hydrogen 
when they burn in chlorine gas, because at the temperature of 
reaction the chlorides of carbon are decomposed. 

In practice the following methods arc used : — 

1. The action of carbon (coal, charcoal) on the oxide of the 
element, or on its compound with oxygen and hydrogen (hydr- 
oxide), at a red heat. The most important elements thus prepared 
are : — 

Hydrogen, potassium, rubidium ; zinc, cadmium ; impure 
chromium, iron, manganese, nickel and cobalt (these elements 
combine with a small quantity of the carbon employed in their 
liberation) ; germanium, tin, lead; phosphorus, arsenic, antimony, 
bismuth ; molybdenum, tungsten ; copper. In many cases this is 
in reality the action of carbon monoxide on the oxide of the ele- 
ment: the carbon monoxide unites with the oxygen combined with 
the element, forming carbon dioxide, and the element is liberated. 

2. The action of .hydrogen on the oxide of the element 
required at a red heat. Elements which may be thus prepared 
are : — Indium, thallium, tin, lead ; nitrogen, ai-senic, antimony, 
bismuth, tungsten ; iron, nickel, cobalt, and copper. 

3. The action of hydrogen on the chloride of the element 
at a red heat. Examples : — Vanadium, niobium, arsenic, autimony, 
bismuth, and others. 

4. The action of sodium or potassium, or of ^nc, on 
the fused chloride, double chloride, or double fluoride of the 
element required. Examples : — Magnesium, boron, aluminium, 
yttrium, carbon, titanium, zirconium, thorium, tantalum, chrom- 
ium, urauium. 

6. The action of another element on the solution of a 
compound of the element required. Examples : — Iodine may be 
prepared by the action of chlorine or bromine on iodide of potas- 
sium ; bromine, by the action of chlorine on potassium bromide ; 
sulphur, selenium, or tellurium, by the action of atmospheric oxygen 
on a solution of their compounds with hydrogen ; copper, by the 
action of iron on a solution of copper chloride or sulphate ; mer- 
cury or silver, by the action of copper on a solution of mercuric or 



GENERAL REMARKS. 87 

silver nitrates ; gallium, by the action of zinc on a solution of 
gallium chloride, and many others. 

I^roperties. — ^Tlie elements, like other forms of matter, exist in 
the three states of gas, liquid, and solid. Those gaseous at the 
ordinary temperature are hydrogen, nitrogen, oxygen, fluorine, 
and chlorine. Two are liquid, viz., bromine and mercury; the 
remainder are solid. 

, The mass of one cubic centimetre varies from 0'0000896 gram 
in the case of hydrogen gas to 22*48 grams in the case of osmium. 
The variation of this constant with atomic weight will be considered 
in Chapter XXXVI. 

The atomic weights of the elements vary from 1 (hydrogen) to 
240, (uranium) ; and their speciflc heats from 5*4 (hydrogen alloyed 
with palladium) to 0*0277 (uranium). It will subsequently be 
shown that the product of the two is usually a constant number. 

It cannot be doubted that many elements i*emain to bo dis- 
covered. On referring to tlie periodic table on p. 23, it will be 
seen that many atomic weights are accompanied by (|ucries (?). 
Within the last few years several such gaps have been filled; 
notably thallium (Crookes), gallium (Lecoq de Boisbaudran), 
scandium (Cleve), and germanium (Winckler). But this subject 
will be fully considered in a later chapter. 


APPENDIX. 

Equations expi-essing the preparation of elements of Groups XIII and XVJ. 
Fluorine. — 2HF = II 2 + IV 

Chlorine — Mn02 + 4tICl = CI 2 4- MnCl 2 + 2II2O. 

Bromine. — 2KRr + CI 2 = llr 2 + 2KCI, 

Iodine. — 2KI 4- Pr 2 = I 2 4- 2KBr. 

Copper . — CuO + C = Cu 4- CO. 
f CuS -r 2 O 2 = CUSO 4 . 

L CUSO 4 4 - Pe = Cu 4* FeS 04 . 

CuS + 2CuO = 3Cu 4- SO 2 . 

Mercury. — HgS 4- O 2 = Hg 4- SO 2 . 

' JAgjS 4- 2NaCl = 2AgCl 4- Na.S 
+ re = 2Ag + feCL. ' 
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CHAPTER VII. 

■COMPOtiNDS : — XOMKNCr.ATURF, AND CLASStKICATION ; — tIfE STATE.'? OK 

MATTER. RELATfON OF TITE VOl.DME OF OASES TO PRESSURE AND TO 

TEMPERATURE.— METHODS OP DETERMINING DENSITY. 

Compounds and Mixtures. 

Elomonts aro .said to comlino when on bringinff them together a 
new substance is produced, diftering from its constituents nnd pos- 
sessing properties wliicli, as a rule, are not the mean of their pro- 
perties. Such combination is always attended with a rise or fall of 
temperature, or heat change ; and, as heat is a form of energy, 
or power of doing work, elements either gain or lose energy by 
combination with each other. It appears that direct combination 
is always attended with loss of energy, heat being evolved. This 
is illustrated by the combustion of carbon in oxygen, of antimony 
in chlorine, and by many other instances ; and the evolution of 
heat in many such cases is so great as to raise the substance to the 
temperature of incandescence, so that it emits light. 

Two or more elements may, however, be mingled without 
sensible evolution of heat. They are then said to constitute a 
mixture. Atrao.spheric air is an instance in point. On mixing its 
constituent gases, oxygen and nitrogen, no heat change takes place. 
But if electric sparks be passed through the air, its constituents 
are raised to a high temperature and combine ; the product is an 
oxide of nitrogen, possessing a brown-red colour and a strong smell. 
Certain mixtures arc thus definitely distinguished from compounds. 
But in many cases it is difficult to affirm positively that an element 
is or is not combined. Some metals mix freely with others, as, for 
example, tin and lead ; but there is no way of absolutely testing 
whether or not they are combined. Another instance is that of a 
solution of c^^^rino in bromine. In such cases, however, the pro- 
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p(;rtie8 of tlie mixture are apparently the mean of those of its 
constituents. 

The best criterion of a compound is its dpjinite composition. 
WiMi this are associated definite physical properties^ such as con- 
stancy of melting point, of boiling point, and of crystalline foim. 
An amorphous condition, i.e., lack of crystjilline form, almost 
always accompanies indefinite composition ; but, on the other hand, 
a substance may possess a definite (‘rystalline form (as, for example, 
many silicates), and yet have an indefinite composition. Such 
bodies are, however, usually mixtures of compounds with each 
other. 

Nomenclature. — Chemical nomenclature in its present form 
was mainly (Jevised by Lavoisier, and, although extended, its prin- 
ciple has not been materially modified since his time, But even he 
was constrained to adopt certain expressions which had been in use 
from a very early date, such as “ base;’* “ acid,” and “ salt.” These 
terms are incapable of accut^ate definition, and mtist therefore be 
used loosely. It may be said generally that the word base is applied 
to the oxides of certain elements, either alone or in combination vvitli 
hydrogen oxide (water) ; the word acid, the oxide of hydrogen and 
certain other elements, not usually those of which the oxides are 
called bases ; and the word salty a body prodinaal by the int(‘ract ion 
of a basic oxide with an acid oxide. The words salt and nr/d, however, 
are fre([uently ajiplied to substances containing no oxygcui, such as 
sodium chloride, or hydrochloric acid. Tn fact, no rule can be 
given, and the words must bo employed in a vague sense, custom 
alone determining their use. 

A compound formed by the union of two elements retains tlio 
names of both, one of tlnmi, however, ac(iuiring the termination 
“ ide.” It is a matter of indifference which rectnves that ending; but, 
as most compounds which liave been investigated contain one of 
ten or twelve elements, the names of these are commonly modified. 
Thus we speak of oxides, sulphides, selenides, tellurides, fluorides, 
chlorides, bromides, iodides, nitrides, phosphides, arsenides, borides, 
carbides, and silicides ; also of hydrides. The Greek numeral pre- 
fixes mono-, di-, tri-, tetra-, penta-, and the Latin one sesqni-, signi- 
fying respectively, one, two, three, four, five, and one-and-a-half, 
are employed, wdieii required, to denote the relative numbers of 
atoms in the compound. 

Many compounds of fluorides, chlorides, bromides, and iodide s 
with each other, and of oxides and sulphides with chlorides, Ac., 
are known. These have generally been named double chlorides, 
oxychlorides, or basic chlorides, sulphochloridos, Another 
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nomenclature is sometimes used. It is as follows ; an example 
will render it plain. Platinum forms two compounds with chlorine, 
one containing twice as much chlorine as the other, proportionately 
to the metal. Tlie one containing least chlorine is named platinows 
chloride; that containing most, platinic chloride. Each of these 
forms a compound with potassium chloride ; the first is named 
potassium platinochloride, platino- being contracted from platinoids' ; 
the second potassium platinichloride, the word platini- standing for 
platin/c. So with farrous and ferric, phosphorous and phos- 
phorn*, c^c. 

The double oxides have names which do not show that they 
contain oxygen. Thus compounds of oxides of chlorine and of a 
metal are named /iz/^iochloriYes (hypo =■ below), chlomfes, Morales 
or pcrchlora/cs (per = over, from hyper)^ according to the amount 
of oxygen in combination with the chlorine ; so also with com- 
pounds of nitrogen, phosphorus, sulphur, gold, &c., etc. 

In the case of a few common substances, such as water (hydrogen 
monoxide), ammonia (hydrogen nitride), vitriol (sulj)huric acid or 
hydrogen sulphate), old and familiar names have been retained. 
These are fortunately in many cases becoming obsolete. 

The Elements 

Will bo considered in the following order: — 

1. Compounds of the halogens — fluorine, chlorine, brom- 

ine, and iodine — with the elements, arranged in 
groups according to the periodic table, including 
double compounds. 

2. Compounds of oxygen, sulphur, selenium, and tellur- 

ium with the elements; including oxychlorides, 
sulphochlorides, &c., and double oxides and sul- 
phides, usually called hydroxides, hydrosulphides, 
acids, and salts. 

3. Borides, carbides, silicides. 

4. Nitrides, phosphides, arsenides, and antimonides. 

Double compounds. 

5. Alloys and amalgams. 

Before proceeding with the consideration of the halogen com- 
pounds it is necessary, in order to understand the relations between 
these substances, to study the methods of expressing chemical change, 
and some of the reasons for assigning definite atomic weights to 
the elements. This involves a knowledge of the nature of gases, 
and their bqfiaviour as regards temperature and pressure. 
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Tlie States of Matter. 

•Matter is known in three states : the solid, the liquid, and the 
^aa>^ous. 

Solids. — Solids are peculiar in possessing form ; they have 
rigidity, enabling them to keep their shape. It is believed that 
minute particles of which all matter consists, which aie named 
molecules, are so closely packed together in solids as to attract 
each other powerfully, and to possess very little freedom of motion. 
Such particles possess symmetrical arrangement in cnjslals ; but 
are heaped together at random in amorphous solids. Solids 
generally expand when their temperature is raised, but only to a 
small degree. At a sulliciently high temperature, they either 
melt, volatilise without melting, or decompose. They are very 
slightly compressible. 

Liquids. — Liquids differ from solids in not possessing form, 
and from gases by possessing a sui'face. The condition of the 
liquid matter at the surface differs from that in the interior, and 
the surface is under a lateral strain, named eurfaco- feus ion. A 
drop, for example, behaves as if it were covered with a stretched 
skin or film. The molecules of which liquids consist possess 
greater freedom of motion than do those of solids; so that they 
move about, continually gliding past each other, and hence a liquid 
has no fixity of form. On raising the ternpeiuture of a lujuid, this 
motion increases. The motion of the molecules of a liquid is termed 
diffusion or osmosis. When liquids are cooled they generally con- 
tract, and at a sulliciently low temperature they freeze, or turn to 
8 »lids ; on raising their temjierature they exjiand, and at a suffi- 
ciently high temperature the)’^ volatilise, changing into gas. 
Vapour is continually being evolved from the surface of a liquid, 
and if. the liquid be in a closed vessel the pressure which its 
vapour exerts can be measured. This pressure is termed its 
vapour-pressure. The vapour- pressure increases with rise of tem- 
perature ; and when it exceeds the pres.siire of the atmosphere the 
li(i[uid boils and changes wholly into gas, if heat bo supplied in 
sufficient amount. 

Gases. — Gases or vapours have neither form nor surface. A 
solid or a liquid in changing into vapour acquires a greatly increased 
volume ; thus the gas of water occupies about 1700 times the space 
occupied by its own weight of liquid water at the same tempera- 
ture and at the same pressure, viz., 100° and 700 ram. pressure. 
While solids and liquids are but slightly altered in volume by 
alteration of pressure and temperature, the volumes^ of gases are 
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greatly changed. The molecules of gases are evidently much 
more distant from one another than those of solids or liquids, and 
therefore possess much greater freedom for motion, or free pftth. 
They occupy but a small portion of the space which they inh^it. 
And while the molecules of solids and of liquids are so near each 
other as to exercise great attractidn on one another, those of gases 
are so far apart that the attraction is barely sensible. Hence 
gases exhibit simple relations to temperature and pressure. 

Relation between the volume of a gas and the pressure 
to which it is exposed.— Boyle’s law. The temperature of 
a gas being kept constant, its volume varies inversely as 
the pressure to which it is exposed. This law was discovered 
by Robert Boyle in 1G60. 

The haremeter . — It has been remarked in Chapter II that gases 
have weight; the weight of a given quantity of matter is not 
changed by change of state: thus a pound of water weighs a 
pound, whether it 1)0 ice, water, or steam. Air, which is a mixture 
of nitrogen and oxygen gases, therefore possesses weight ; and, the 
longer or higher a coluTnn of air, tlie greater its weight. A c(’lumn 
of air roaclniig to the upper confines of the atmosphere and rest- 
ing on the earth at the level of the sea, of 1 square centimetre 
in section, w(‘ighs on the average 103*1 grains ; or, if 1 s(piave 
inch in sootion, about lO lbs. ; but 1033 grams is the weight of 
a column of mei'cury at 0” of 1 square centimetre in sectional 
area and 700 millimetres in length; and 16 lbs. is the approxi- 
mate weight of a mercury column 1 square inch in sectional area 
and approximately 30 inches long; or of a column of water about 
33 feet in length, also 1 square inch in sectional area. Hence, if it 
were po.ssiblo to support the end of such a column of air on one 
pan of a balance, and to place on the other pan a column of 
mercury 760 millimetres in length, removing the pressure of the 
air from its upper surface (else the weight of both air and mer- 
cury would press on the other pan), the two columns would 
balance. Such an operation is actually performed in construct- 
ing a barometer. The air is removed from the upper portion 
of a glass tube, the lower end of w'hich is open and dips in mer- 
cury ; and the mercury rises in the tube until it balances a column 
of air of equal sectional area to the tube, rising, in order that it 
may do so, to a height of 760 millimetres. If the weight of the 
atmosphere increases, owing to its cooling, or to its compression, 
the column of mercury rises proportionately, so as to balance it ; 
and, conversely, when the weight of the atmosphere decreases, the 
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balancing column is shorter. The pressure of tlie atmosphere 
might be expressed in units of weight for a given sectional area, 
say., 1 square centimetre; it might be, and indeed sometimes is, 
measured in fractions or multiples of 1033 grams, just as it is 
the custom for engineers to express the steam pressure in a boiler, 
which is closely analogous, in pounds on the square inch of 
boiler surface; but it is commonly expressed as equal to the pres- 
sure of 760 millimetres of mercury, or of a column of greater or 
less length, according as the weight of the atmosphere vaiies. 

All gases contained in vessels communicating with the atmo- 
sphere are therefore under this pressure; hence it must be allowed 
for in ascertaining the relation between the volume of a gas and 
the pressure. That Boyle’s law is approximately true can be 
proved by the following experiment: — A U-tube, as shown in 
tig. 16, about 50 centimetres in length, contains air in its closed 



limb. The amount of air is adjusted so that when the mercury 
is level in both limbs it occupies a volume represented by 
273 millimetres -f a number of millimetres equal to the tem- 
perature of the day. Thus, for example, if the temperature of 
the surrounding atmosphere is 15® C., the length of the column 
of air enclosed should be 288 millimetres. The reason of this 
adjustment will appear later. Now mercury is poured into the 
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open limb of tbe JJ-tiibe so as nearly to fill it; the difFerence in 
level of the mercury in the open and in the closed limb is read 
off. The air in the closed limb will be compressed by the weight 
of the mercury in the open limb, the column being equal in length 
to the difference in level of the mercury in the open and in tbe 
closed limb. For example : — 


Distance from top of tube to surface of mercury, 
that in both limbs being at the same level. . 
Level of mercmry in open limb, after filling it. . 
Level of mercury in closed limb, after filling 

open limb 

Difference in level between mercury in closed 
and open limbs 


288 mra. 


223 

223 


j) 




The initial volume of the gas was 288 X x cubic centimetres. 

After compression the volume decreased to 223 X x cubic 
centimetres. 

The initial pressure was that of tbe atmospbert', say, 7fi0 milli- 
metres.* 

The final pressure on tbe gas was that of tbe atmosphere, 
760 millimetres -h 223 millimetres = 983 millimetres of mercury. 

But 983 ; 760 :: 288.r : 223.r, nenily. 

Hence the of the gas decrro.sos I'froportionaichj to the in- 

crease of pressure at a temperature of 15®. 

If pi, Pj, r,, and r* rt present tbe pressures and volumes respec- 
tively before and nfter alteration, then 

pi^i = p-i^a, provided temperature be kcyit constant. 

Similar expeiiments may be performed, decreasing tbe amount 
of mercury in tlie (J-tube, by running out mercury through the 
stopcock, and so reducing the pressure on the gas; and ]V>vle’s 
law may thus be proved true for such small alterations of pres- 
sure. When the pressure is very great, it ceases to hold : gases 
become more compressible up to a certain point, and then less 
compressible with greater rise of pressure. 


. Qay-Lussac^s law. — The volume of a gas increases one 
two hundred and seventy-third of its volume at 0° (0*00367) 
for each rise of 1° C., provided pressure remain constant. 

Thus 1 cubic centimetre of air or other gas measured at 0° becomes, 
when heated to 1°, or 1*00367 c.c. ; at 2°, 1 or 1 -f- (0 00367 


* The barometer should be read at the time, and its height substituted here. 
In the above instance it is supposed to be at its normal height. 
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X 2); at 100°, 1^??, 1 -f (0*00367 x 100). This can lie illus- 

trated by means of the apparatus used for demonstrating Boyle’s 
law^witha slight addition to allow of an alteration in the tein- 
perfHJbure of the gas. The closed limb of the U-tubo is sur- 
rounded by a jacket or mantle of glass, the lower part of which 
is closed by an indiarubber cork, perforated to allow the limb 
of the u -tube to pass through. The liquid in the bulb is 
water. It is boiled by a flame, and the steam jackets the 
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(J-tube, raising its temperature to 100°, provided the atmo- 
spheric pressure is 760 millimetres. If the pressure does not 
differ much from the normal one, the difference in tern])erature 
may be neglected. At 15°, supposed to be the atmospheiic tem- 
perature of the day, the air in the closed limb of the JJ-tubo 
is adjusted so as to occupy 288 millimetres of the tube’s 
length, measured from the top downwards, the mercury in both 
limbs being level. On boiling the water so as to raise the tem- 
perature of the gas to 100°, the gas will expand, pushing down* 



96 


THE HALIDES. 


the Tnercnry in its own limb, and raisinpr it in the other. When 
the level is stationary, mercury is run out of the (J-tube, so as 
to restore equal level in both limbs. The gas will then occupy 
373 millimetres of the length of the JJ-tube. Thus: ^ 

Initial volume of gas at 15° at atmospheric pressure, 288 jj c.c. 

Final volume of gas at 100"*, and at „ „ 37'Sx „ 

Fxj)anHion, 373.r — 288.r = c c. 

Rise of temperature, 100° — 15° = 85°. 

The expansion is thus seen to be proportional to the rise of 
temperature. 

It is obvious that by cooling the gas to 0°, by surrounding the 
tube with melting ice, the volume would contract frofn 288.r c c. to 
273, r c.c. This may also be proved experinHuitally* It may also 
be .shown that Boyle’s law holds equally w^ell at the temperature 
100° as at 15° by means of this apparatus. 

Such an instrument might be, and indeed with altered con- 
struction is, used as a tlununometer. It would be ccnivenicnt to 
place the number 273° at the level of the mercury when ice sur- 
rounds the tube ; then the expansion of the gas and the tempera- 
ture will march pari jHis'su. The zero of such a scale will mani- 
festly bo at the top of the tube ; the degrees are ordinary 
Centigrade degrees, the interval of temperature between the 
melting-point of ice ar'l the boiling-point of water under normal 
pressure being 100°; but on this scale the former is marked 273° 
and the latter 373°. Such a scale is termed the ahsolnte scale \ 
and the temperature —273° C. is equal to 0° absolute. 

As this behaviour with respect to pressure and temperature is 
common, speaking approximately, to all gases, it may be con- 
jectured that they possess some property in common, as the cause 
of their similar changes. This property was discovered yi 1811 
by Avogadro, and is known as — 

Avogadro’s law. — Equal volumes of gases, under the 
same pressure, and at the same temperature, contain equal 
numbers of molecules. It must be noted that this state- 
ment postulates nothing as regards the actual size of the gaseous 
molecules; it merely asserts that, temperature and pre.ssure being 
constant, a detinite number of molecules of one gas, say, hydrogen, 
inhabit the same space as the same number of molecules of any 
other gas, say, oxygen or chlorine. The actual number of mole- 
cules is, of course, unknown ; and, although attempts to estimate it 
have been made, they do not concern us here, yrom the known 
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laws of expansion of gases, and their relation towards pressure, it 
is possible to compare the weights of equal volumes of different 
gases^and so to compare the relative weights of the molecules of 
which, they are composed ; for it is obvious that if the weight of 
n molecules of, say, oxygen is 16 times that of n molecules of 
hydi'ogen at some temperature and pressure the same for both, the 
weight of 1 molecule of oxygen is 16 times that of 1 molecule of 
hydrogen. 

It is, therefore, exceedingly important to be able to compai'o 
the relative weights of gases, inasmuch as it affords a simple 
means of comparing the relative weights of their molecules. 
The term density is applied to the weight of a gas relative to 
hydrogen, the density of which is arbitrarily placed = 1. Some- 
times air is chosen as the unit of comparison The absurdity of 
this is evident; for it has been repeatedly shown that the composi- 
tion, and hence the density, of air, which is a chance mixture of the 
gases oxygen and nitrogen, is not uniform, but varies within small 
limits. The valuation, however, is so small as to be within the 
usual errors of experiment in determining the density of gasc's ; 
hence, for practical purposes, as air is about 14’47 times as heavy as 
hydrogen, densities compared with air may be converted to the 
hydrogen standard by multiplying the number expressing them by 
14’47. The density of a gas which exists as a liquid at ordinary 
atmospheric temjierature is termtHl a vapour •density ; there is no 
real distinction between the words (jas and vapour. 


Methods of determining the Density of Gases. 

1. When the substance is a gas at the temperature of the 
atmosphere. — Two globes of nearly equal capacity (half a litre to 
five ^litres, and which should liavc as nearly as possible the same 
weight), provided with tight-fitting stop-cocks, are pumped empty, 
first by means of a water-pump, and finally with a SprengeTs or 
other mercury-pump ; the stop-cocks are then closed, and they 
are suspended one from each arm of a balance, as shown in fig. 18, 
and if not quite equal in weight, counterpoised by addition of 
weights to one or other pan. The gas to be weighed, is then 
admitted from a gas-holder into one of the globes, care being faken 
to dry it, by passing it slowly through filled with strong 

sulphuric acid or phosphorus pentoxide, which has a great ten- 
dency to combine with water, and so removes it from the gas. If 
the gas be soluble in water, it may be passed straight from the 
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generating flask tkrongh the drying tubes into the empty globe, 
the stop-cock of the latter being opened slowly so as to ensure the 
gas being thoroughly dried. It is again suspended from the hook of 
the balance pan, and after some hours, the amount of gas whi 3 h has 
entered is weighed. The volume of the globe is then ascertained 



Fig. 18. 


by filling it completely with water and weighing it. The difference 
between the weight of the vacuous globe and the globe full of 
water gives the weight of water tilling the globe. It is sufficient 
for the present purpose to consider that 1 gram of water occupies 
1 cubic centimetre, though for accurate determinations the true 
volume of the water at 4° must be calculated. Here, also, the 
expansion of the globe between 0 ° and atmospheric temperature, 
and also its diminution of volume when empty of air, due to the 
presence of the atmosphere, have been neglected. 

We have accordingly the data. 

Weight of globe full of gas at T” temp., and 


P mm. pressure W 3 grams. 

Weight of empty globe Wi ,, 

Weight of Y cub. centimetres of gas W grams. 


From this the volume of 1 litre of the gas at 0° and 760 milli- 
metres pressure can be calculated thus : 

(a.) To ascej-tain the volume of the gas at 760 millimetres 
pressnn^v 
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Law. — The volume is hxxfersely as the pressure. Hence, 

= Vp X P/760. 

• 

To ascertain the volume, corrected for pi'essure, at 0°C. 

Law. — The volume of a gas increases hy 0 00367 of its volume at 
0° for each rise of 1°. Hence, 

^ _ Vp X P/760 

0 and 75.) ^ (0-0U367 X T). 

(c.) This volume of jras weighed W grams. To find the weight 
of 1 litre : W,oo„ eo = 1000 W/V„, 7 fiO mm 

(d.) From Regnault’s very accurate experiments we learn that 
1000 cubic centimetres of hydrogen weigh 0 0800 gram. Henc(% 
the density of the gas = W,oo(, /0‘0896. 

The relative weight of a molecule of hydrog(»u is taken as 2, 
for reasons which will afterwards ho considered (p. 109). Hence, 
the relative weight of a molecule, or the molecular weight of the 
gas = 2W',fKw CO /O 0896, or is equal to twice its density. 

2. When the substance becomes gaseous at a tempera- 
ture higher than that of the atmosphere. — One of the follow- 
ing methods may be employed. 

(a.) Dumas' Method. — This method differs from the imdliod 
already described only in one particular, vi/.., in the manner of 
filling the globe. The globe usually has a capacity of 250 to 
500 cubic centimetres. About 10 cubic centimidros of the li(|uid 
or solid, of which the density in the gaseous state is required, is 
introduced into the globe by warming it gently so as to expel air, 
and dipping the thin neck of the globe into the liipiid ; or by 
introducing the solid into the globe before its neck is drawn out. 
It is then placed in a bath of some liquid or vapour, depending on 
the temperature required. If the boiling-point is below 10(P, 
water may be used ; if between 100” and 250°, olive or castor-oil ; 
and vapour-baths, such as that of boiling mercury (358”), or 
sulphur (444®), or phosphorus pentasulphide, or stannous chloride, 
or even the vapours of boiling cadmium or zinc, may be used for 
higher temperatures, but with the last two the globe must be a 
porcelain one, for glass softens at about 700°. The liquid or solid 
begins to evaporate, and its vapour displaces the air from the 
globe. As soon as vapour ceases to escape, the drawn-out end of 
the neck of the globe is sealed by means of a hand- blowpipe, or of 
an oxyhydrogen blowpipe, if a porcelain globe is used (see fig. 19). 
The globe is then removed, allowed to cool, cleaned, and weighed, 
balancing it, as before, by a similar globe hung from the pther pan 

H 2 
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of the balance. The calculations are performed exactly as before, 
but the expansion of the globe must here be allowed for ; if of 
glass, it may be calculated as V + (0’0000250 ; it is assumed that 
the gas will remain a gas when cooled to 0°. It would more 



Fig. 19 . 

rational to compare the weight of the gas with that of an er[ual 
volume of hydrogen at the same temperature and pressure as 
those of the vapour at the time of sealing the globe, but the end 
result is the same whichever method of calculation be used. 

(h.) Hofmann’s Method, modified. — The principle of this 
method is to ascertain the volume of a known weight of the gas. The 
apparatus consists of a graduated tube of the form shown in fig. 20. 
The tube is filled with mercury and inverted into a glass basin 
containing mercury, and after the jacketing tube has been put on, 
the apparatus is clamped in a vertical position. The graduated 
tube passes through a wide hole in an indiarubber cork fitting the 
jacket ; but as this cork is apt to be attacked b}" the boiling 
liquid, a little mercury is poured in, so as to cover and protect 
it. The substance is weighed out in a small bulb, and pushed 
under the open end of the tube, so that it floats up to the surface of 
the mercury in the closed end. The temperature is then raised by 
boiling the liquid, which must be pure, in the bulb of the jacket. 
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The following is a list of convenient suhstances, with their t'ospe 
tive boiling points under a pressure of 760 millimetres : — 


* T. 

A. 


T. 


Carbon disulphide. 46*2” 

25 

Aniline 

184*5” 

20 

Alcohol. ... T . . . . 7^ 

30 

Chinoline 

237'5" 

17 

Chlorobenzene. ... 132' 1'^ 
Bromobenzene. . . . 156*1*^ 

25 

20 

Bromonaphthalene 


16 


The column, A, represents the average difference in pressure in 
millimetres per degree at about the pressure 760 millimetres. 
Thus, if the height of the barometer is 740 millimetres, i,e , 
20 millimetres less than 760, the temperature of the carbon di- 
sulphide vapour will be not 46*2**, but 46‘2° — aJths of 1® = 45*4”. 
The mei-cury in the tube will be di.splaced by the vapour, and 
will enter the glass basin in which the tube stands. 'J'he volume 
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of the vapour is then read off, if the tube is a graduated one ; if 
not, the level of the mercury in the tube is read on the graduated 
scale, and also the level of the top of the tube. The volume may 
be afterwards determined, by inverting the tube, and filling^ it to 
the required height with water from a burette. The pressure is 
that of the atmosphere, diminished by the length of the column of 
mercury in the tube. But mercury itself, when heated, expands, 
and a correction must be introduced, because at 0° the length of 
the mercury column would be less. Again, the gas in the tube 
consists partly of mercury vapour ; its pressure must be calculated 
and subtracted.* But neglecting these corrections, the plan of cal- 
culation is as follows : — 

A certain volume of gas, V, has been produced from a known 
weight of liquid or solid, W. This gas is at the temperature of 
the jacketing vapour, and under atmospheric pressure diminished 
by the length of the column of mercury, equal to the distance 
between the level of mercury in the glass basin and that in the 
tube. The weight of an equal volume of hydrogen at the same 
temperature and pressure is calculated, and the weight of the 
vapour is divided by the weight of the hydrogen. The quotient is 
the density. 

(c.) Victor Meyer’s Method. — In this case not mercury but 
air (or some other gas) is displaced ; and the volume of a known 
weight of the vapour is deduced from that of the displaced gas, or 
air. A cylindrical bulb, c (fig. 21), with a long stem, 6, closed by 
a cork at its upper extremity, as shown in the figure, is heated to 
some constant temperature by an oil- or vapour-bath, as already 
described. The air expands while the temperature is rising, and 
issues through the side tube, d, escaping in bubbles through the 
water in the trough. When bubbles cease to rise the temperature 
is assumed to be constant. The tube is quickly uncorked, a small 
tube, full of the liquid or solid whose vapour-density is sought, is 
dropped in, falling on sand, placed at the bottom of the cylinder, 
so as to avoid breaking it. The cork is then rapidly replaced. 
The substance turns to gas, and expels air from the cylindrical 
bulb. This air is cooled in passing up the stem and through 

* The following data are available for this calculation : — 


Temperature. .... . . 46° 78® 132° 156° 184° 237° 280° 

Expansion of 1 c.e. of 
mercury between 0° 

and f 1 *0083 1 *0141 1 *0240 1 *0285 1 *0338 1 *0438 1*0521 

V apo ur - pressure of 

mercury, in mm. . . — 0 *1 1 *0 3 *0 10 *0 52 *5 157*0 
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the water; it is collected in a graduated tube. Its volume ia 
equal to that of the vapour, supposing the latter to have been 
cooled to the atmospheric temperature, and to have withstood the 
process without condensing. We have then a given volume of 
air at atmospheric temperature and pressure corresponding to that 
of the vapour ; and also the weight of substance which has pro- 
duced the vapour by which the air has been expelled. From these 
data it will be seen the density of the vapour may be calculated. 

Such are the available means of ascertaining the weights of 
one litre of various gases and their densities. The processes have 
been described in some detail, because such determinations have 
the utmost chemical importance. The deductions to be drawn 
Irom them wilf appear in the next chapter. 



Fia. 21. 
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CHAPTER VIII. 

COMPOUNDS OP THE HALOGENS WITH HYDROGEN, LITHIUM, SODIUM, 

POTASSIUM, RUBIDIUM, CiESIUM, AND AMMONIUM. ATOMS AND 

MOLECULES : FOBMULj: AND EQUATIONS. 

Hydrogen Fluoride, Chloride, Bromide, and 
Iodide. • 

Only one compound of each of these elements with hydrogen 
is known. 

Sources. — Hydrogen chloride is present in the atmosphere in 
the neighbourhood of volcanoes ; it has been doubtless formed by 
the action of steam on certain chlorides, easily decomposed by 
water into oxide of the element and hydrogen chloride. The 
others do not exist free. 

Preparation. — 1. By direct union, (a.) Hydrogen Fluo- 
ride. — During the preparation of fluorine by Moissan, by the 
electrolysis of hydrogen potassium fluoride, hydiogen was liberated 
from the negative, and fluorine from the positive pole (see p. 73). 
When a bubble of hydrogen escaped round the bend of the 
JJ-tube, and mixed with the fluorine, an explosion was heard, 
showing that these two elements unite at the ordinary tempera- 
ture, and in the dark. 

(b.) Hydrogen Chloride. — Equal volumes of hydrogen and 
chlorine gas unite directly on exposure to violet light, or on 
application of heat. This may be shown as follows : — *. 

A tube of the form shown in fig. 22 is employed. The stop- 
cock in the middle divides it equally into two halves. The stop- 
cock in the middle being shut, one side is filled with dry chlorine 
by downward displacement, a capillary tube serving to conduct 
the chlorine gas to the lower closed end, as shown in the figure. 
The stop-cock is then closed. The other half of the tube is then 
filled with dry hydrogen by upward displacement, for hydrogen is 
lighter, though chlorine is heavier, than air. The tube is then 
placed in a dark place, for example, a close fitting drawer, for 
some hours, the stop-cock in the middle being opened. The two 
gases will mix, but will not combine. It is then placed for an 
instant in direct sunlight, or, if that is not available, illumined by 
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burning a piece of magnesium ribbon within a few inches of it. A 
flash .vill be seen inside the tube, showing that combination has 





Fig. 22. 


taken place, and the green colour of the chlorine will disappear. 
It is safer, however, to expose the tube for some hours to diffuse 
daylight. One end of the tube is now dipped in mercury, and the 
lower stop-cock is opened. The mercury does 7iot enter the tube, 
showing that the hydrogen chloride retains the same volume as its 
constituents; it does not act on mercury. The stop-cock is again 
cl6sed, and the lower end of the tube is now dipped in water, and 
the stop-cock again opened. The water rushes in, and completely 
fills the tube, provided both compartments were exactly equal, and 
that all air was displaced on filling it with chlorine and hydrogen. 
Chlorine is sparingly soluble in water, hydrogen nearly insoluble. 
Hence a gas has been produced by the combination of equal 
volumes of hydrogen and chlorine, which occupies the same 
volume as its two constituents, but which differs from them in 
properties. 

A jet of hydrogen gas may be burned in a jar of chlorine. The 
hydrogen is lit, and, while burning in the air, a jar of chlorine is 
brought under it, and raised so that the jet dips into ^he chlorine. 
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The hydrogen continues to bum, but with a greenish-white flame. 
Fumes are produced. 

(c.) Hydrogen Bromide. — Hydrogen and bromine do jaot 
combine so readily as hydrogen and fluorine or as hydrogen and 
chlorine. Their direct combination may be shown as follows : — A 
bulb tube is connected with an apparatus for generating hydrogen. 
A few cubic centimetres of bromine are placed in the bulb ; the 
hydrogen passes over the bromine, and carries some with it as gas. 



The hydrogen is lit, and burns, combining partly with the oxygen 
of the air, partly with the bromine. The hydrogen bromide 
formed unites with the water-vapour forming a white cloud of 
small liquid particles. It is owing to the formation of a similar 
compound with water that fumes are produced when hydrogen 
burns in chlorine, 

A practical plan of preparing hydrogen bromide is to pass the 
mixture of hydrogen and bromine, prepared as described, through 
a glass tube containing a spiral coil of platinum wire, heated to 
redness by an electric current. The uncombined bromine is 
absorbed by passing the resulting gas through a tube filled with 
powdered antimony. 

{d.) Hydrogen and Iodine may be made to combine directly by 
heating them together in a sealed tube to 440° for many days. Com- 
plete combination does not take place, however long the mixture 
is heated, and about one quarter of the hydrogen and one quarter 
of the iodine remain uncombined. 

2. By the Action of the Halogen on most Compounds of 
Hydrogen. ^ Instances. — (a.) On water. — A solution of chlorine 
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gas in water exposed to sunlight yields oxygen and hydrogen 
chloride ; if chlorine and water-gas be led through a red-hot tube, 
some of the water-gas reacts with the chlorine, yielding hydrogen 
chloride and oxygen. (6.) On hydrogen BUlphide^ dissolved in 
water. The products are sulphur and the hydrogen compound of 
the halogen. This is a convenient method of preparing hydrogen 
iodide. Sulphuietted hydrogen gas (see p. 196) is passed through 
water in which iodine is suspended. The liquid becomes milky, 
owing to separation of sulphur, and the colour gradually dis- 
appears, owing to the union of the iodine with the hydrogen of 
the hydrogen sulphide. When the reaction is over, the sulphur is 
separated by^ filtration, and the liquid distilled. It is, however, 
impossible to separate hydrogen iodide from its solution in water 
by distillation. The aqueous solution is termed hydriodic acid. 
(c.) Chlorine, bromine, and iodine act on ammonia^ yielding nitro- 
gen and the compound of the halogen with hydrogen. Nitrogen 
combines with the halogen, if the latter is in excess, yielding very 
explosive bodies (see p. 158). (d.) Chlorine and bromine act on 

hydrocarbons (carbides of hydrogen) giving compounds of carbon 
with both chlorine (or bromine) and hydrogen, and the haloid 
acid. Generally it may be stated that almost all compounds of 
hydrogen are decomposed by the halogens, yielding a haloid com- 
pound of the element, and h}drogen chloride, bromide, or iodide. 

3. By the Action of Water, or of Double Oxides of 
Hydrogen and some other Element on Compounds of the 
Halogens, a. Action of Water. — The halogen compounds of 
boron, silicon, titanium, phosphorus, sulphur, selenium, and 
tellurium, are at once decomposed by cold water. Hence the 
halogen added to water in which one of these elements is sus- 
pended, combines with part of the hydrogen of the water, the 
remaining hydrogen and oxygen combining with the element (see 
these haloid compounds, p. 188). Instances : — (a.) This is a 
practical method of preparing hydrogen bromide. The bromine is 
added very gradually to phosphorus, lying in water in a retort. 
Phosphorus bromide is produced, and decomposed by the water, 
forming phosphorous and phosphoric acids, and hydrogen bromide. 
After all the phosphorus has disappeared, the liquid is distilled. 
The solution of hydi*ogen bromide in water is named hydrohromic 
acid. 

There is little doubt that all soluble chlorides, bromides, and 
iodides are decomposed by excess of water, forming the hydroxide 
of the metal and hydrogen chloride, bromide, or iodide. But in 
most cases there is no available method of separating the hydr- 
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oxide from the hydrogen halide, for, on evaporation, the reverse 
reaction takes place, and water alone escapes. Yet, at a high 
temperature, magnesium chloride and some other chlorides react 
with water-gas, giving an oxy-chloride and hydrogen chloride.^ 

(6.) This is a recently patented method of manufacturing 
hydrogen chloride, and promises to be successful. Steam is led over 
magnesium chloride, heated in tubes ; hydrogen chloride is evolved, 
and a compound of magnesium oxide and chloride remains.* 

h. Action of Hydroxides. — The hydroxides which react in 
this manner are termed acids. Generally stated, the hydrogen 
halides can be prepared by the action of any hydroxide which does 
not react with them. Phosphoric, sulphuric, and selenic acids are 
such. 

c. This is the common method of preparing hydrogen 
fluoride. The fluoride generally employed is calcium fluoride, or 
fluor-spar, which occurs native ; it is treated with sulphuric acid 
in leaden vessels, and the gas evolved is condensed in a worm of 
lead and stored in leaden or gutta-percha bottles. It acts on 
silica, which is a large constituent of glass and porcelain ; hence 
the use of lead, which is but slightly attacked. On a small scale, 
platinum vessels and potassium fluoride answer better. 

d. This is also tlie best method of preparing hydrogen 
chloride. On a small scale, about 50 grams of sodium chloride 
(common salt) are placed in a retort, and covered with a mixture 
of equal volumes of sulphuric acid and water. On applying a 
gentle heat the hydrogen chloride comes over in the gaseous state. 
It may bo led into water; the solution is called hydrochlonc acid. 

On a large scale, the operation is conducted in circular furnaces 
with a revolving bed. The salt and sulphuric acid are introduced 
from above, and fall on to the middle of a revolving plate of iron 
covered with fire-clay, which forms the bed of the furnac#. The 
product, sodium sulphate, or “salt-cake,” is raked by mechanical 
means towards the circumference of the plate, and drops through 
traps for the purpose. The hydrogen chloride is led up brick towers 
filled with small lumps of coke, kept moist with water from above. 
The water dissolves the hydrogen chloride, which is sent to market 
in carboys. 

e. As both hydrogen bromide and iodide react with and 
decompose sulphuric acid (see p. Ill), bromine or iodine being 
liberated, phosphoric acid must be used for their preparation. 
The method of operation is similar to that of preparing hydrogen 
chloride. 


• Soc. Chem. Industry, 1887, 775. 
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4. Heating Compounds of the'Hydrogen Halide with the 
Haloid Compounds of other Elements. — Such compounds 
always decompose when heated. In practice, this method is 
employed for the preparation of pni*o hydrogen fluoride. Its 
compound with potassium fluoride, after being dried, is heated to 
redness in a platinum retort, and the hydrogen fluoride which 
distils over is condensed by passing through a platinum tube 
surrounded with a freezing mixture, and collected in a platinum 
bottle. The preparation of pure hj^drogen fluoride is exceedingly 
dangerous, owing to its great corrosive action. 

Before considering the properties of those bodies, the nature 
of the changes which have been described, and the method of 
representing these changes, must be discussed. 


Atoms and Molecules. 

It was stated in last chapter that equal volumes of gases coniaAn 
equal numbers of molecules. Now, it has been shown that equal 
volumes of hydrogen and chlorine unite to form hydrogen chloride. 
It might be concluded that such a compound consists of 1 molecule 
of chlorine in union with 1 molecule of hydrogen ; but the follow- 
ing considerations will show that such a supposition is inconsistent 
with Avogadro’s law. The actual facts are that 1 0025 gram 
of hydrogen, occupying at standard temperalure and pri'ssure 
ll’lG litres, combines with 35’4G grams of chlorine, also occupying 
11 TO litres, and that the volume of the product is 11T6 X 2, or 
22*32 litres. We de not know the actual number of molecules of 
hydrogen, or of chlorine, in 11*1G litres of these gases ; let us call 
it n. Then n molecules of hydrogen, on this supposition, unite 
with n molecules of chlorine, and as chemical combination has 
occurred, n molecules of hydrogen chloride are formed. But the 
volume of the hydrogen chloride is 22*32 litres; hence n molecules 
of hydrogen chloride would thus occupy (ll lG X 2) litres, instead 
of 11*16 ; or the requirements of Avogadro’s law would not be 
complied with, inasmuch as there would be only half as many 
molecules in a given volume of hydrogen chloride as in the same 
volume of hydrogen or of chlorine. But there is no reason to 
suppose that hydrogen chloride does not fulfil Avogadro's law ; 
its expansion by rise of temperature and behaviour as regards 
pressure are practically the same as those of hydrogen and 
chlorine, hence the conclusion is evidently false. The accepted 
explanation is as follows : — ^ 
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A molecnle of hydrogen, or a molecule of chlorine, is not a 
simple thing; it consists of two portions in combination with 
each other; these portions are named atoms. When chlorine^and 
hydrogen combine to form hydrogen chloride, their double atoms 
or molecules split, each atom of hydrogen leaving its neighbour 
atom, and uniting to an atom of chlorine, which has also parted 
with its neighbour atom. The original arrangement may be 
represented thus ; — 

® (f) @ ®; 

and the final arrangement, thus : — 

@ @ — @). 

In 1T16 litres of hydrogen chloride there is, therefore, the 
same number of molecules as in an equal volume of hydrogen or 
of chlorine; but whereas the hydrogen chloride molecules contain 
an atom of each element, those of hydrogen contain two atoms of 
hydrogen, and those of chlorine contain two atoms of chlorine. 

Symbols are employed to express such changes. The expression 
of the change is termed an equation ; and the above change is 
written thus : — 

n, -h Gk = 2nci. 

Where the small numeral follows the letter, it signifies the 
number of atoms in the molecule, as B’ 2 , Ch ; where a large 
numeral precedes the forma'ra, it signifies the number of molecules; 
thus, 2HGI. 211 would mean two uncombined atoms of hydrogen ; 
Hi signifies two atoms combined into a molecule. Atoms of 
hydrogen have not been obtained uncombined with each other ; 
atoms of chlorine, however, exist uncombined, or in the free state, 
at a sufficiently high temperature. 

Such an equation expresses the following facts : — 

1. That 22 32 litres of hydrogen react with 22 32 li’tres of 
chlorine, producing 44*64 litres of hydrogen chloride ; and 

2. That 2*005 grams of hydrogen react with 70*92 grams of 
chlorine, forming 72*925 grams of hydrogen chloride. 

It is obvious that 22 32 litres of hydrogen chloride weigh 
72*925/2 grams ; and as 22*32 litres of hydrogen weigh 2*005 grams, 
hydrogen chloride is 18*231 times as heavy as hydrogen. This 
has been found to be the case by direct experiment. Hence the 
molecular weight of hydrogen chloride = 36*4625 is twice its 
density compared with hydrogen. 

Such formulae as jHCZ, Jffo, OZ?, apply only to gases. In this 
book the symbols for gaseous elements and compounds are printed 
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in italics ; those for liquids in ordinary type ; and those for solids 
in bold type. It is still doubtfnl whether liquids and solids possess 
such simple formulas ; it is the author’s opinion that in many 
casds they do ; but there are certainly many cases in which they 
possess more complex formula3. There is, however, as yet no 
method of determining with certainty the degree of complexity ; 
hence, the simplest formulas are employed. Liquid hydrogen 
chloride may have the formula HCl ; or it may have the formula 
(HCl)w; but what the value of n is, there is no means of deter- 
mining. 

The reactions, whereby the halides of hydrogen are prepared, 
are represented thus : — 

la. If 2 + J’o = 27rFathigh temperatures (see p. 115). 

h. H.2 + C/o = 2nci. 

c. 11. + Li = 2111. 

2a. 211.0 + 201. = ^11 Cl + Oo, or 211 >0 + 2^/3 = ^ILCl + O^. 

Water. 

b. H.jS + 1.2 + Aq = 2IIT.Aq + S. (Aq = ajMa, water). 

Hydrogen sulphide. Hydriodic acid. 

c. 2H3N Aq + 3C72 = enCl.Aq + AV 

Ammonia. 

d. Cll^ + Cl^ = + HCl. 

Methane. Cl) loro- 

methane. 

3a. 2 P + SBr^.Aq + 8 II 2 O = 2 n 3 p 04 Aq -f- lOHBr.Aq. 

Phosphoric acid. 

h. 2M&CI2 + H.O = MgrClaMgrO + 2 HCI. 

Magnesium Magnesium 

chloride. oxychloride. 


c. CaFa 

+ H2SO4 + 

CaS04 + 2 HF. 

Calcium 

Sulphuric 

Calcium 

flubride. 

acid. 

sulphate. 

d. NaCl 

+ H2SO4 = 

NaHS04 + HCL 

Sodium 

Sulphuric Sodium hydrogen 

chloride. 

acid. 

sulphate. 

NaCl 

-h NaHS04 

= Na2S04 + HCl. 

Sodium 

Sodium hydrogen Sodium sulphate. 

chloride. 

sulphate. 


e. NaBr 

+ H3PO4 = 

NaH2P04 + HBr. 

Sodium 

Phosphoric Dihydrogen sodium 

bromide. 

acid. 

phosphate. 


Tlie action of hydrogen bromide or iodide on hot sulphuric acid is repre- 
sented thus : — 

H2SO4 2 HBr (or 2JJ/) = SO.^ -h 21120 + Br^ (or I^). 
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4. KF.HF = KF + EF. 

Hydrogen potassium Potassium 

fluoride. fluoride. 

Properties. — Hydrogen fluoride is a colourless very volatile 
liquid, boiling at about 19° under atmospheric pressure ; hydrogen 
chloride, bromide, and iodide are all colourless gases. Hydrogen 
fluoride is fearfully corrosive ; a drop on the skin produces a 
painful sore, and several deaths have occurred through inhaling 
its vapour. The other three gases are suffocating, but do not 
produce permanent injury when breathed diluted with air. They 
condense to liquids at low temperatures. They are exceedingly 
soluble in water, in all probability forming compounds which mix 
with excess of water or of the halide. One volume •f water at 0° 
dissolves about .500 times its volume of hydrogen chloride ; the 
solution is about 1*21 times heavier than water, and contains 
42 per cent, of its weight of the gas. On cooling a strong solution 
of hydrogen chloride in water to — 18°, and passing into the cold 
liquid more hydrogen chloride, crystals of the formula HCI. 2 H 2 O* 
separate out. It is prolmble that, at the ordinary temperature, this 
compound exists in an aqueous solution of hydrogen chloride, and 
is decomposed into its constituents to an increasing e.xtent with 
rise of temperature. Hydrogen fluoride, bromide, and iodide are 
also exceedingly soluble in water, and their solutions probably 
contain similar hydrates. The corresponding compound of 
hydrogen bromide, HBi ’2’'H20, has been prepared; it melts at 
—11°. The solutions of these compounds are termed hydrofluoric, 
hydrochloric, hydrobromic, and hydriodic acids. When saturated, 
they are colourless fuming liquids ; they possess an exceedingly 
sour taste, and are very corrosive ; they change the blue colour of 
litmus (a substance prepared from a lichen named lecanora tinctoria, 
and itself the calcium salt of a very w'eak acid) to red, owing to 
the liberation of the red-coloured acid. This is the usual lest for 
an acid. 

The great solubility of hydrogen chloride may be illustrated by help of the 
apparatus shown in the figure. (Fig 24.) 

The low'er flask is filled with water coloured blue wdth litmus ; the upper flask 
is filled with hydrogen chloride by dow'nw^ard displacement, and inverted over 
the lower flask. The stopcock is then opened, establishing communication 
between the two flasks. By blowing through the tube, a little water 10 forced 
up into the hydrogen chloride. It immediately dissolves, producing a partial 
vacuum in the upper flask ; and the pressure of the atmosphere causes a 
fountain of water to enter it. The blue colour of the litmus is at the same time 
changed to red. 


Comptes rendvSt 86 , 279. 
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All elements are attacked and dissolved by these acids, 
hydrogen being liberated, while the halogen combines with the 
elememt, with the exception of : — Silver, gold, mercury ; boron 
(attacked by hydrofluoric acid), carbon; silicon, zirconium (both 
attacked by hydrofluoric acid), lead; nitrogen, vanadium, phos- 



Fig. 2L 

phorus, arsenic, antimony, bismuth; molybdenum; oxygon, 
sulphur, selenium, tellurium, and the elements of the platinum 
group. Mercury and lead are attacked by strong hydriodic acid; 
moist hydrogen chloride, bromide, and iodide are decomposed by 
light in p;:esenco of oxygen.^ The first two are not decomposed 
when dry ; dry hydriodic acid, however, yields water and iodine. 

Use's. — Hydrofluoric acid is employed for etching on glass. 
The glass is protected by a coating of beeswax, and a pattern is 
drawn on the wax. The article is then dipped in the strong acid, 
and the pattern remains after removing the wax, the glass 
appearing frosted where the acid has attacked it. HydiX)chloric 
acid is used for many purposes, one of the chief of which is the 
manufacture of chlorine and the chlorides of metals. 


* Chem. Soc., 61, 800. 
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Proofs of the Volume-Composition of the Halides 
of Hydrogen. 

It has already been shown that hydrogen chloride con- 
sists of equal volumes of hydrogen aud chlorine united with- 
out contraction ; it may be shown to contain its own volume of 
hydrogen by the following experiment: — A (J-tube, as shown in 
fig. 25, is filled with mercury, which is then displaced in the 



closed limb by gaseous hydrogen chloride. The level of the 
mercury is made equal Jn the two limbs, and the position marked. 
The open limb is then filled with liquid sodium amalgam (an alloy 
of mercury and sodium containing about 2 per cent, of sodium) 
and closed with the thumb. The tube is then inverted, so as to 
bring the gas into contact with the sodium amalgam. The sodium 
reacts with the hydrogen chloride, liberating hydrogen, thus : — 

2IICI -h 2Na .= 2NaCl + U,. 

The hydrogen is then again transferred into the closed limb by 
inclining tlie tube, and the levels again equalised ; it will be seen to 
occupy half the volume originally occupied by the hydrogen chloride. 

That hydrogen bromide and iodide yield half their volume of 
hydrogen when similarly treated has also been proved. Hydrogen 
fluoride has been synthesised by heating silver fluoride with 
hydrogen gas. The product occupied at 100° twice the volume of 
the hydrogen employed for its formation. The equation is 2AgF -f 
Ha = 2HF -f- 2Ag, silver being set free as metal. 

It is argued that hydrogen fluoride, bromide, and iodide possess 
respectively the formul® HJP, HBr, and HI, from these experiments*. 
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from their densities, and from their similarity to hydrogen 
chloride. Recent experiments have, however, shown that at low 
temperatures gaseous hydrogen fluoride has a greater molecular 
weight than that expressed hy the formula JTF; hut the- actual 
degree of complexity is not yet certain (see below). 


Phijfiiral Properties. 




Mass of 1 

C.O. 




A 


HensitT. 






Solid. 

Licpiid 

Gas. 

H =• i. 

Hydrogen fluoride . . 

^ 0 -988 at 12 * 

7” See below 

See below 

Hydrogen chloride . . 

? 

P 

0 001633* 

18 *23* 

Hydrogen bromide . . 

P 

P 

0* 003626* 

40 •47* 

Hydrogen iodide .... 

? 

? 

0 •(K)5727* 

63 92* 


Melting- 

Boiling- 

Specific Molecular 


point. 

point. 

Heat. 

Weight. 

Hvdrogen fluoride. . 

~92 *3° 

19* 4® 

!> 20 

(see below) 

Hydrosen chloride . 

-112*5° 

-102° 

0 *1304 (gas) 

36 *46 

Hydrogen bromide . 

o 

CP 

1 

o 

1 

? 

80 05 

Hydrogen iodide. . . 

-55° 

? 

? 

127 -85 


Heat of formation — ILy + Ct^ = 2TrCt + 4401^. 

+ Br^ - 2HBr f 242K. 

- 2//r + OK at about 184\ 

Note . — Motecnlar weight of hudroqen fJnori<le.\ Tlie vnpour-doriKjty of 
hydrofren fliiondo lorroasos with fall of tomporjituro, im])lyinp the nf^nociation of 
moloeu](*s of ITf' to form {lIF'jn (Tlio value of r appoarn to bi‘ L) Tho 
hip;h(»‘<t donaily was fotind at atoiosplifric prossuro, and at 20 t”, to be 25 50, 
implying the molecular weij^ht of 51*1B This eorrcHpomls to a mixture of 
81'2t per cent molecules of and 18 70 per cent, of molecules of HF At 

100® and above, the density is normal, and corresponds to the formula HF. 


Compounds of the Halogens with Lithium, 
Sodium, Potassium, Rubidium, and C»sium 
' (Ammonium). 

SourC6S. Sodium fluoride oc(mrs native in Greenland in com- 
bination with aluminium fl uoride, as enjoUte, SNaF.AlFs. Lithium, 
sodium, and potassium chlorides, bromides, and iodides occur in sea- 
water; sodiam chloride in by far the greatest amount — about 5 
per cent. ; and also in many mineral springs. That at Diirkheirn, 
in the Bavarian Palatinate, is comparatively rich in ccDsiurn and 
rubidium chlorides, and was the source from which Bunsen and 

* These numbers are calculated, 
t Thorpe, Chem. Soc., 53 , 765 ; 65 , 1C3. * 

I 2 
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Kirchhoff extracted these elements for the first time.* The Wheal 
ClifFord spring, in Cornwall, is specially rich in lithium chloride. 
Sodium chloride also occurs as rock-salt in mines, in various parts 
of the world ; the largest in Britain are in Cheshire, but recently 
other deposits have been discovered near the Tyne. Very large 
deposits of potassium chloride occur at Stassfurth, near Magdeburg, 
in N. Germany. It also occurs in help^ the ash of fucus palmatus, 
species of seaweed. The ash of the beetroot contains about 
0*17 per cent, of rubidium chloride. 

Preparation. — 1. By direct union of the elements. — This 
takes place with great loss of energy (^.e., evolution of heat) ; the 
elements take fire and burn in chlorine gas. Perfecljy dry chlorine, 
bromine, or iodine, however, does not act on sodium in the cold.*|* 
A subchloride of a purple colour is said to be produced by the 
action of chlorine on metallic potassium. 

2. By double decomposition, (a.) Action of the halogen 
acids on the oxides, hydroxides, or carbonates of the metals ; 
in the first two cases, the hydrogen of the halogen acid unites with 
the oxygen of the oxide, or the hydroxyl (a name applied to the 
group OH) of the hydroxides ; in the third case, carbon dioxide 
and water are liberated. Examples of this action are given in 
the following equations : — 

KOH 4- IIF = KP -f- H-OH. 

Na,0 4 - 2HOI = 2NaCl -h H,0. 

Li^COa -f 2m = 2LiI 4- H,0 + CO.. 

These reactions also occur in solution. 

On adding to a solution of a hydroxide, containing an unknown 
quantity of the hydroxide, a solution of a hydrogen halide, the 
completion of the reaction, or the “point of neutralisation,” may 
bo ascertained by the addition of litmus, or of phenol-phthalein, 
to the hydroxide ; the former gives a blue, the latter a cherry- 
red colour with these hydroxides ; when the colour is on the point 
of changing to brick-red, with litmus, or being discharged entirely, 
with phenol-phthalein, the reaction is complete, and there is no 
excess either of acid, or of alkali, as such hydroxides are named. 

If carbonates be used, the solution must be boiled during the 
addition of acid, so as to expel carbon dioxide gas, else it wdll 
produce a colour change. 

(h.) By certain other “double decompositions;^^ thus 
sodium chloride is obtained as a by-product in the manufacture 

• Posfff. Ann., 110, 161 ; 113, 337 ; 110, 1 ; Annales (3), 64, 290. 
t B%richte, 6, 1518 ; Chem. Soc., 43, 155. 
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of potassium nitrate from sodium iiitmte and potassium clilor- 
ide : — 

I KCl.Aq + NaNOa.Aq = KNOa.Aq + NaCl. 

The sodium chloride, being much less soluble in water than 
potassium nitrate, separates in crystals on evaporation. The 
sulphides and hydrosulphides of these metals also yield halides 
on treatment with halogen acids. 

3. By heating compounds of these metals with oxygen 
and with the halogens^ e.g.^ chlorates, iodatcs, &c. (see p. 4G6). 

4. Compounds of ammonium with the halogens are pre- 
pared by addition of the halogen acid to a solution of ammonia in 
water. Direct combination ensues, thus : — 

NHa.Aq -f HCl.Aq = NH 4 Cl.Aq. 


Ammonium, NH^. 

The group of elements to which the name ammonium has been 
given exhibits the greatest similarity to metals of the sodium group, 
and is usually classed along with them. It has never been isolated 
(see, however, pp. 577, 578). But ammonia, consisting of one atom 
of nitrogen and three atoms of hydrogen, (see p. 512), has 
the power of union with acids (as well as with oxides and double 
oxides); compounds of ammonium with the halogens differ fi'om 
those of sodium and the other metals by splitting up when 
heated into ammonia and the hydrogen halide. 

The union of ammonia with a halide of hydrogen may be 
illustrated by placing a jar filled with ammonia gas (see p. 512) 
mouth to mouth over a jar of hydrogen chloride, both being 
covered Vith glass plates; when the plates are withdrawn, dense 
white fumes of ammonium chloride are seen ; they gradually settle 
in the lower jar as a white powder. 

The decomposition of this compound by heat may be shown by 
applying heat to a fragment in a platinum basin ; it will volatilize 
completely, being decomposed into its constituents — ammonia, NII^^ 
and hydrogen chloride, HCl ; they unite when cooled by the aii*, 
forming dense white fumes. 

Special methods of extraction and preparation. — Owing to their im- 
portance, the following compounds require consideration: — Common salt, or 
sodium chloride, is produced by the evaporation of sea- water in “ salt pans,” 
. shallow ponds exposed to the air. To promote evaporation, the salt water is 
sometimes allowed to trickle over ledges, running into gutters wlsich lead it to 
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ihe ponds. When a portion of the water has been thus remored, it is boiled 
down in shallow iron pans. Rapid evaporation produces fine-grained salt, such 
as 18 used for the table ; slow evaporation causes the salt to separate m, larger 
crystals j it is used for curing fish, &c. • 

In Cheshire, water is run into the mines, and the brine is pumped up and 
evaporated. In cold climates, the salt is sometimes extracted from sea- water by 
freezing j the ice which separates is nearly pure, while the salt remains dissolved 
in the last portions of water. 

Potassium bromide and iodide are prepared (a) by the action of bromine 
or iodine on a solution of potassium carbonate ; the water is removed by evapora- 
tion, and the residue is heated to redness (see p. 467) ; or (6) by treating iron 
filiugs with bromine or iodine, producing ferrous bromide or iodide, to which a 
solution of potassium carbonate is then added. The resulting ferrous carbonate is 
insoluble in water ; it is removed by filtration, and the filtrate is evaporated to 
dryness. The equations are : — 

Fe + Br 2 + Aq = FeBr 2 .Aq ; 

FeBr 2 .Aq + KaCOa.Aq = 2E:Br.Aq + FeCOj. 

The equation for the preparation of potassium iodide is similar. 


Properties. — These substances are all white solids, crystallis- 
ing in the cubical system, with the exception of ceesium chloride, 
which crystallises in rhombohedra. They are all soluble in water ; 
lithium chloride, sodium bromide, and sodium and potassium 
iodides are also soluble in alcohol. 

100 grams of water dissolve at the ordinary temperature (about 15°) — 
Fluoride. Chloride. Bromide. Iodide. 


Lithium trace — — — 

Sodium 4 86 88 373 

Potassium — 33 65 143 

Ammonium — 37 72 — 

grams of these salts. 


They all form double compounds with water, e.g.^ NaC1.2H20, 
crystallising at a low temperature. They melt at a red heat and 
volatilise at a bright red heat ; ammonium chloride dissociates at 
339°, under ordinary atmospheric pressure, into hydrogen chloride 
and ammonia ; the other compounds of ammonium behave similarly. 


Melting-points, Mass of 1 c.c. 



F. 

Cl. 

Br. 

I. 

£ 

Cl. 

Br. 

— > 

I. 

Lithium .... 

801° 

598° 

547° 

446° 

2-29 

2 00 

310 

3-48 

Sodium . • . . . 

902° 

772° 

708° 

628° 

2 ’56 

2*16 

3 08 

3-65 

Potassium . . . 

789° 

734° 

699° 

634° 

2*10 

1*98 

2-60 

3 01 

Rubidium ... 

763° 

710° 

683° 

642° 

3-20 

2-80 

3*36 

3-57 

Csesium 

~ 


— 

— 

? 

4-00 

4-46 

4 ‘54 

Ammoniqpn .. 

— 

— 

— 

— - 

? 

1*62 

2-46 

2*44 
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The vapour densities of the following compounds have recently 
been determined at about 1200® by V. Meyer’s method : — 

Found KI = 184-1 ; RbCl = 139-4; Rbl = 221*6 

Calculated .... KI = 166-0 ; RbCl = 121*0 ; Rbl = 212-3 

Found CsCl = 179-2; Csl = 267; 

Calculated CsCl = 168-4; Csl = 259*8* 

These numbers represent molecular weights, vapour- 

densities multiplied by two. 

It may be concluded from analogy that the other halides, in 
the gaseous state, have also simple formulae, such as KaCl ; at 
present we khow nothing about the molecular weights of these 
bodies in the liquid or solid state. 

Double oompounds. — 1. "With halogens — Iodine unites directly with 
potassium iodide in aqueous or alcoholic solution, and forms dtyk lustrous prisms, 
possessing the formula Klg.f The mass of 1 c.c. is 3*50 grams at It melts 

at 45°. Chlorine and bromine are more soluble in solutions of chlorides and 
bromides than in pure water, owing probably to the formation of similar 
compounds, which are partially dissociated at the ordinary temperature. 
Ammonium tri- iodide and tribromide, (NHdlg and (NH 4 )Br 3 , have been 
prepared by a similar method, and are closely analogous. 

2,. With hydrogren halides. — Potassium fluoride unites with hydrogen 
fluoride in three proportions, forming (a) KF.JELF, (b) KF.2HF, and (^) 
KF.3HF.:t^ They are all stable in dry air, but di'compose when heated into 
potassium and hydrogen fluorides. No doubt, similar compounds of the other 
halogen salts would prove stable at low temperatures. 

For compounds of the formula 4 NH 3 .HCI, and YNII 3 .HCI, see p. 525. 

Heats of formation — 

Li + Cl = LiCl + 938K + Aq = +84K.§ 

Na+ Cl => NaCl + 976K + Aq = -11 -SK. 

Na-f Br= NaBr+ 858K + Aq = -1-9K. 

Na+ I - Nal + 691K + Aq = -12K. 

K + Cl = KCl + 1056K + Aq = -44 -IK. 

K + Br= KBr + 951K + Aq - -50 *8^ 

K + I = KI + 801K -r Aq = -51 -IK. 


* Scott, Brit. Assn., 1887, 668 ; Broo. Roy. Soc. JEdin., 14. 

t Chem. Soc., 31, 249 ; 33, 397 ; Berichte, 14, 2398. 

X Comptes rendus, 106, 647. 

§ For an explanation of ** K,” see p. 127. 



CHAPTER IX. 


COMPOUNDS OF THE HALOGENS WITH BERYLLIUM, CALCIUM, STRONTIUM, 

AND BARIUM; Wl'lH MAGNESIUM, ZINC, AND CADMIUM. DOUBLE 

HALIDES. SPECIFIC AND ATOMIC HEATS. REASONS FOR MOLECULAR 

FORMULiB. VALENCY. 

I 

Beryllium, Calcium, Strontium, and Barium 
Halides. 

Sources. — Calcium fluoride, or fluor-spar, CaF 2 . — This 
beautiful mineral, crystallising in cubes, sometimes showing octa- 
hedral modifications, occurs in granite and porphyry rocks, 
especially where the veins border other strata. It forms the 
gangue of the lead-veins which intersect the coal-formations of 
Northumberland, Cumberland, Durham, and Yorkshire; it is 
abundant in Derbyshire and also in Cornwall, where the veins 
intersect much older rocks. A large vein occurs in Jefferson Co., 
New York State, in ^vauular limestone. It often possesses a pink, 
amethyst, or green colour, from the presence of certain metallic 
fluorides. 

Calcium chloride is a constituent of all natural waters, and 
exists in small amount in sea-water. Traces of the chlorides of 
strontium and barium are also found in some mineral waters. 

Preparation. — The methods of preparation are similar to those 
of the halides of the alkali-metals. 

1. By direct union of the elements. — The metals of this 
group are so difficult to prepare that the method is impractic- 
able. 

2. By double decomposition. — (a.) The action of the haloid 
acid on the oxides, hydroxides, sulphides, or hydrosulphides, or on 
double oxides, such as carbonates, silicates, &c. This method 
serves for the production of the chlorides, bromides, and iodides ; 
not well for the fluorides, for the fluorides of calcium, strontium, 
and barium, are insoluble in water, and the hydroxide or carbonate 
becomes coated over with the insoluble fluoride, and action ceases. 
The reactions may be typified by the following equations : — 
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BeO 4- 2JTOZ = BeCh + H^O. 

Ca(OH), -f 2EGI = CaCl, 4 2H,0. 

SrCOa 4 2ffCl = SrCla -4 H^O 4 C0„ 

BaS 4 2nCl = Bad, 4 H,S. 

These reactions occur both in solution and with the dry 
materials. 

This process is practically made use of in preparing strontium 
and barium chlorides, from their carbonates and sulphides. 

(h.) The fluorides of calcium, strontium, and barium, being 
insoluble in water, may be precipitated by adding a soluble fluoride, 
such as potassium fluoride, to a soluble salt of one of these metals, 
such as calcium chloride, barium iodide, cic. The reaction is, for 
example : — 

CaCh.Aq 4 2KF.Aq = CaF, 4 2KCl.Aq. 

Potassium chloride is soluble in water, and may be separated 
from the insoluble calcium fluoride by filtration. 

Doubtless similar reactions occur on mixing soluble compounds 
of the other halogens with soluble compounds of these metals ; thus 
it may be supposed that 

2KI.Aq 4 BaCb.Aq = 2KCl.Aq 4 Bals.Aq. 

But as all the compounds concerned in the change are soluble 
in water, they cannot be separated. It is pi'obablo that such 
changes are only partial ; t.c., not all the potassium iodides is con- 
verted into chloride, nor all the barium chloride converted into 
iodide, but that after mixture the solution contains all four com- 
pounds. 

This method of “ double decomposition,’* f.c., reciprocal ex- 
change, is also practically applied in the preparation of strontium 
and baMum chlorides on a large scale. Tin? chief sources of these 
metals are the sulphates of strontium and barium (see p. 422). 
These substances are heated to redness with calcium chloride, 
when the calcium transfers its chlorine to the strontium or barium, 
itself being converted into sulphate, thus : — 

BaS 04 4 CaCl, = BaCl, 4 CaS 04 . 

On treatment with water the insoluble calcium sulphate re- 
mains, while the soluble strontium or barium chloride dissolves, 
and may be purified by crystallisation from water. 

Properties. — Beryllium fluoride has not been prepared free 
from water ; on attempting to dry the gummy mass obtained by 
• its evaporation it reacts with the water (see below). 
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The fluorides of calcium, strontium, and barium are white crys- 
talline powders, insoluble in water. 

The remaining halides of this group are all white solids, soluble 
in water. They unite with water, forming crystalline compofinds. 
Among these are BeCl2.2H20; CaCL.BH^O; SrCl2.3H20 ; 
BaBr2.2H20^ and Bal2.7H20. The only one of the halides 
which has been volatilised is beryllium chloride, which becomes 
vapour somewhat below 520° under ordinary pressure. At higher 
temperatures (812°) it has the vapour- density 40*42, implying the 
molecular weight 80*02. ♦ The compounds of beryllium have a 
sweet, disagreeable taste ; the soluble compounds of the other 
elements are saline and burning. 

Uses. — Calcium fluoride is employed as a flux, or material to 
be added to metals to make them flow {fluo) when they are being 
fused. It probably acts by dissolving a film of oxide encrusting 
the globules, and thereby causes the metallic surfaces to come 
in contact and unite. It is also a source of hydrogen fluoride 
(see p. 106). Calcium chloride is employed on a small scale for 
drying gases, and liquid compounds of carbon ; it has a great 
tendency to unite with water, hence it deliquesces on exposure to 
moist air, attracting so much moisture as to dissolve. 

Some of these substances react with water ; hence beryllium 
halides, calcium chloride, bromide, and iodide, and strontium and 
barium bromides and iodides, cannot be prepared pure in an an- 
hydrous state by evaporating their solutions. The reaction is a 
partial one. With calcium bromide, for instance, it is: — 

CaBr^ + HgO = CaO -f 2EBr. 

But the calcium bromide and oxide unite, forming various 
oxy bromides, which remain, while a portion of the hydrogen 
bromide escapes. 


Physical Properties. 

Melting-points. Mass of 1 c.c. 



F. 

Cl. Br. 

I. 

F. 

Cl. 

Br. 

I. 

Beryllium . . , 

? 

600° 600° 

? 

? 

? 

? 

? 

Calcium 

. 902° 

719° 676° 

631° 

3*14 

2*20 

3*32 

? 

Strontium . . . 

. 902° 

826° 680° 

507° 

4*21 

3*05 

3*98 

4*41 

Barium 

. 908® 

860° 812° 

? 

4*83 

3*82 

4-23 

4-92 


* Nilson and Hetterssen, Com^tes rendus, 98, 988. 
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Heats of formation : — 

Ca + eZj - OaCla + 1698K + Aq =* + 174K. 

Ca + Brg =* CaBr. -r 1409K + Aq = + 256K. 

Ca + I2 Cala + 1073K + Aq = + 277K:. 

Sr + = SrCli + 1846K + Aq = +111K. 

Sr + Bra = SrBr^ + 1577K + Aq -= +161K. 

Ba + Cl^ — BaCLa + 191<7K + Aq = + 21K. 

Ba + Bra = BaBr + 1700K ■+• Aq = + 50K. 

Double compounds. — The scare all prepared by direct addition. Among 
them may be mentioned : — B6F2.2KF, BeCla.SKCl, and similar compounds 
with sodium and ammonium chlorides, and BaFa^BaCla. The solubility of 
barium and strontium fluorides in hydrofluoric acid is probably due to the 
formation of doi,\ble compounds with hydrogen fluoride. 


Magnesium, Zinc, and Cadmium Halides. 

Sources. — Magnesium chloride, bromide, and iodide are con- 
tained in sea- water, and in many mineral springs. Carnallite^ 
MgCl2.KCl.6H2O, occurs in large quantities at Stassfurtli, and is a 
valuable source of magnesium and potassium compounds. 

Preparation.— 1. By direct union.— 'rhe halogens unite 
with these metals directly, even in the cold, to produce halides. 
In presence of water, solutions are obtained. 

2. By the action of the halogen acid on the metal hy- 
drogen is evolved, and the halide of the metal is formed. 

3. By double decomposition. — (a.) By the action of the 
halogen acid on the oxides, hydroxides, sulphides, and on some 
double oxides, such as carbonates, borates, &c. This process yields 
solutions of the halides (except in the case of magnesium fluoride, 
which is insoluble in water). But the water cannot be removed 
completely by beat, for it reacts with the chlorides, forming oxy- 
chlorides. The double chlorides with ammonium chloride, how- 
ever, are unacted on when evaporated with water, hence anhydrous 
magnesium chloride may be produced by heating the compound, 
MgCl2.2NH4Cl, to redness ; the ammonium chloride sublimes (see 
p. 117), leaving the anhydrous magnesium chloride. It can also 
be prepared by heating the aqueous chloride in a current of hydro- 
gen chloride. Similar methods would probably succeed with the 
bromides and iodides. 

(h.) Other methods of double decomposition may be sometimes 
employed; e.g., MgSOi.Aq -f BaCU.Aq = MgCh-Aq -h BaS04. 
Barium sulphate is insoluble, and may be removed by filtration. 
Another method, which succeeds on a large scale, is to^ heat, under 



124 


THE HALIDES. 


pressure, magnesium carbonate with a solution of calcium chloride ; 
the equation — 

MgCOa -h CaCh.Aq = MgCh.Aq -f CaCOs 
represents the reaction, the insoluble calcium carbonate teing 
removed by filtration. 

Typical Equations — 

1. Zn -h Ck= ZnCL. 

2. Cd -h 2HI.Aq = Cdl^.Aq -f H,. 

3. MgO + 2HBr.Aq = MgBrg.Aq -f- H 2 O. 

ZnS 4- 2HCl.Aq = ZnCh.Aq -f 

CdCOa + 2HF.Aq = Cdhh.Aq -h H 2 O + GO,. 

t 

Properties. — With the exception of magnesium fluoride, the 
halides of these metals are soluble in water. They are white and 
crystalline. The fluorides excepted, they are all volatile and are 
decomposed at a red heat by atmospheric oxygen, yielding the 
halogens and oxyhalides. This has been proposed as an effec- 
tive method of manufacturing chlorine. They also react with 
water at a red heat ; the products are oxyhalide and hydrogen 
halide. This method is in operation for the preparation of 
hydrogen chloride ; the equation has been given on p 111. They 
all unite with water, forming crystalline compounds ; for example, 
MgCl2.6H20 ; MgBr2.3H20 ; ZnP2.4H20 ; ZnCI^.H^O ; 

CdCl2.2H20; CdBr^.H^O; Cdl 2 crystallises as such from water. 
Zinc chloride has .C7>‘h a strong tendency to combine with water 
as to be able to withdraw the elements, hydrogen and oxygen, 
from compounds in which they do not exist as water ; thus it 
chars wood and destroys the skin ; it is therefore used in surgery 
as a caustic. They all, except magnesium fluoride, attract mois- 
ture from moist air, and deliquesce. 

Uses. — Magnesium chloride is employed as a disinfectant, and 
is also used fraudulently for “ weighting ” flannel and cotton goods. 
Zinc chloride is also employed as a disinfectant under the name 
of ‘‘ Burnett’s Disinfecting Fluid.” Cadmium bromide and iodide 
are used in photography. 

Physical Properties. 


Mass of 1 c.c. solid. Melting-point. Boiling-point. 


( 

F. Cl. Br. 

~I. 

f'T 

Cl 

Br. 

I. 

r- 

F. 

Cl. 

.A 

Br. 

"T. 

Magnesium. 2*86 2-18 ? 

? 

? 

708' 

695° 

P 

? 

? 

? 

? 

Zinc 4*f?a 2*75 3-64 4*7 

CO 

262° 

394' 

0 

1 

? 

680 ° -j 

r695° 

1 699° 

624° 

Cadmium .. 6*00 3*62 4*8 

5-7 

520° 

641° 

570' 

404° 


861°, 

,954° 

r806°j 

1813° 

r708° 

L719° 
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Another variety of cadmium iodide is known, with the specific gravity 
4'6 or 4 7 ; it has a brownish colour, whereas the usual variety is white. It is 
converted at 50° into the usual modification.* 

Heats of formation. — Mg* + CU — MgrClo + 1510K + Aq = -f 359K. 

Zn + CI 2 = ZnClj + 972Iv + Aq = +15(;K. 

Zn + 111*2= ZnBr + 760K + Aq = +150K. 

Zn + I2 = Znl^ + 492K: + Aq = +113K. 

Cd + CI 2 = CdCl2 + 932K + Aq = + 30K. 

Cd + Br2= CdBr^ + 952K + Aq = + 4*4K. 

Cd + I2 = Cdl2 + 488K + Aq = - 9 'OK. 

Molecular weig'hts. — The vapour-densities of zinc chloride and of cad- 
mium chloride, bromide, and iodide nearly correspond to the formula ZnCl^ and 
CdCL 2 ,\ there n slight dissociation at the temperatures employed (898® and 
1200°) ; cadmium iodide undergoes considerable dissociation at the liigher 
temperature. 

Double compounds. — 1. With hydrog*en halides. — 

ZZnCl, HC1.2H,0 and ZnCL^.HCl 2H2O 

arc produced in crystals by saturating a concentrated aqueous solution of zinc 
chloride with hydrogen chloride. They decompose on rise of temperature. ij; 

2. With halides of the alkali metals. — 

(a.) Fluorides . — Mg:F2 NaF ; ZnF^ 2KF. 

ih ) Chlorides.— "S/LeOl. NaCl.H.O ; MgCh KCl bH^O. 

ZnClj NH^Cl ; ZnCl2 2NH4CI ; ZnClg 3NH4CI; ZnCD 2KC1 ; 
ZnCl2.2NaCl.3H2O ; 2CdCl2.2KCl H2O ; CdClg 2NaCl. 
3H2O ; CdCl2.2NH4Cl.H2O ; CdCl2.4NH4Cl ; CdCL. 
4KC1. 

(c.) Bromides.— CdBr^.KBr.Bi.O ; 2CdBr.2.2NaBr bHoO ; 20dBr2.2NH4Br. 
H2O; CdBrodKBr; CdBr2.4NH4Br. 

{d.) Iodides.— Znl^ KI ; Znl2.2NH4l. 

Cdl2 KI H 2 O ; Cdl2.2NaI GHgO ; Cdia 2KI.2H,0 ; Cdig. 

2NH4I.2H2O. 


3. With calcium, strontium, and barium halides — 

2CdCl2.CaCl2 7H2O ; CdCl2.SrCl2.7H2O ; 

CdCl 2 .BaCl 2 . 4 HoO ; CdCl,. 2 CaCl 2 2 H 2 O. 

2ZnBr2.BaBr2 ; CdBr2 BaBr2 2H2O 
2Znl2.Bal2; 2CdI2.ZnI2.8H2O ; ZCdlg Bal2. 

4. With each other— MgrCl 2 .ZnCl 2 . 6 H 2 O ; MgrCl 2 . 2 CdCl 2 IZHgO. 

These are some of the numerous compounds which have been prepared. 
The ratios between the numbers of atoms of chlorine in the constituents ap- 
pear to be : — 2 :lj 2:2; 2:3; 2:4; and 4 : 1. 


* Amer. Chem. Jour.^ 6, 235. 
t Brit. Assn., 1887, 668; Berichte, 12, 1195. 
X Compt. rend., 102, 1068. 
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As examples vre may select : — 2 : 1 ; MgCl^-NaCl ; 2CdCl2 CaCL ; 

2 . 2~CdCl2 2NaCl; CdBrg.BaBr..; 2 : 3— ZnCl 2 SNH^Cl ; 

2 : 4— CdClg 4KC1 ; CdCL.2CaCL ; 4 : 1— 2ZnCl2 HCl. 

These bodies are all prepared by direct addition, concentrated aqueou8*solu" 
tions of their constituents being added to one another. 

Concluding remarks on these groups. — Molecular for- 
mulSB. — It lias been seen that whereas the metals of the alkalies 
combine with the halogens in the ratio 1:1, as a rule, e.g., 
NaCl, those of the beryllium and magnesium groups display the 
ratio 2:1, as for example, CaCl 2 , BeClj. The inquiry may here 
be made : How is this known to be the case ? To take a specific 
instance : — We know, from the densities of gaseous HCl, HBr, 
KBr, Ebl, &c., that these compounds contain an atom of each 
element ; the vapour-density of zinc chloride has been found to 
correspond to the molecular weight 136'37 ; now subtracting 
35*46 X 2, corresponding to the weight of two atoms of chlorine, 
the remainder, 65*45, is the relative weight of an atom of zinc, 
provided the compound contains only one atom of zinc. But how is 
this known ? Might not its formula be Zn^Ch ? In which case 
65*45 would represent the relative weight of two atoms of zinc, 
and 32*72 that of one. And if such a question may be asked in 
the case of zinc, where we know the molecular weight of one of 
its compounds in the gaseous state, the uncertainty in the case of 
barium would appear to be much greater, for in this instance no 
compound has ever been gasified. 

The answ^er to this question is to be found (1) in a study of 
the specific heats of these elements, and (2) in their position in 
the periodic table. These will now be considered in their order. 

1. Specific Heats of Elements. 

The data for these have been given in the tables of pjiysical 
properties appended to the description of the groups of elements. 

The specific heat of a body is defined as the amount of 
heat required to raise the temperature through 1°, compared 
with the amount of heat required to raise the temperature 
of an equal weight of water through 1°. Or, as water is 
chosen as unit of weight as well as of specific heat, specific heat 
may be defined as the amount of heat required to raise the tem- 
perature of 1 gram of a body through I''. But the specific heat 
of water is not constant; more heat is required to raise a gram of 
water from 99° to 100°, than from 0° to 1°. Hence the unit is now 
generally accepted to be the hundredth part of the heat required 
to raise the temnerature of 1 gram of water from 0° to 100°. This 
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happens nearly to coincide with the value of I heat unit at tbe 
temperature 18°. Such a heat unit is termed a color and its 
ahbr'pviated symbol is c. Where large amounts of beat are in 
quesLion a unit of 100 calories is often used, and is represented by 
the letter K. This unit is convenient in expressing heat changes 
which take place during chemical action. 

In 1819, a simple relation was discovered by Dulong and Petit 
to exist between the amount of heat required to raise the tempera- 
ture of 1 gram of each of the following thirteen elements through 
1° : — copper, gold, iron, lead, nickel, platinum, sulphur, tin, zinc, 
bismuth, cobalt, silver, and tellurium. 

Dulong and Petit^s law. — The specific heats of the ele- 
ments are inversely proportional to their atomic weights, 
approximately, or 

(Sp. Ht.)^ X (At. Wt.)^ = (Sp. Ht.)B X (At. Wt.)B. 

Now the product of the specific heat of an element, oi* heat re- 
quired to raise the temperature of 1 gram of the element through 1° 
into its atomic weight, is termed its atomic heat. For instance, the 
atomic weight of sodium is 23, and its specific heat 0*293 ; and 
the atomic weight of lithium is 7, and its specific heat 0*941. The 
product of the first pair, 23 X 0*293 = 6*74 calories, represents 
the amount of heat necessai*y to raise the temperature of 23 grams 
of sodium through 1° ; and the product of the second pair, 
7 X 0*941 = 6*59 calories, is similarly the amount of heat re- 
quired to raise the temperature of 7 grams of lithium through 1°. 
But 23 and 7 are the relative weights of the atoms of sodium 
and lithium ; and to raise these relative weights expressed in 
grams through 1° requires 6*74 and 6*59 calories respectively ; 
these numbers are approximately equal. Hence the conclusion 
from this and similar instances, that the atomic heats of the 
elements are approximately equal. 

This law is not without apparent exceptions, as, for example, 
in the cases of beryllium, boron, carbon, and silicon, but it holds 
closely enough to be a valuable guide in selecting the true 
atomic weights. It appears also to apply only to solids. As 
regards the real meaning of this law, we have at present no 
knowledge. We can form no probable conception of the change 
in the motion or position of the atoms in a molecule due to their 
rise of temperature ; but it is a valuable empirical adjunct for the 
purpose mentioned. 

The product of atomic weight and specific heat, in the instances 
given, is approximately 6*5; in other cases it falls as low as 5*5. 



128 


THE HALIDES. 


It may be stated then, that this product is approximately a con- 
stant, not differing much from the number 6. Hence G/specific 
heat of any element should approximately equal its atomic weight ; 
and conversely 6/atomic weight, should give an approximation to 
its specific heat. 

As the atomic weight of hydrogen is 1, its atomic heat should 
be 6, and should bo identical with its specific heat. Solid hydro- 
gen, however, has never been prepared. But it forms a solid 
alloy with palladium ; and as the specific heat of an alloy is the 
mean of those of its constituents, that of solid hydrogen has been 
indirectly determined. It has been found equal to f»'88, a suffi- 
ciently close approximation to 6. , 

To return now to the atomic weights of members of the beryl- 
lium and magnesium groups ; the following table gives their 


atomic heats : — 

Atomic 

Name. Weight Specific Heat. Atomic Heat. 

Beryllium .... 9*1 x 0*6200 (at 500°)* = 5 65 

Calcium 40*08 x 0*167 = 6*69 

Strontium.. 87*5 x ? = ? 

Barium ...... 187*00 x ? = ? 

Magnesium . . . 24*80 x 0*250 = 6*07 

Zinc 65*43 x 0*095 = 6*22 

Cadmium . . . . IIJJ'I x 0*056 = 6*28 


At 100® the specific heat of beryllium is 0*4702 ; its atomic 
heat is therefore 4*28. It was for long doubtful whether beryllium 

9*1 

had not the atomic weight 13*65, t.e., 3 x — ; the formula of its 


chloride would then have been BeCh, and its atomic heat 
0*4702 X 13*65 = 6*42, agreeing with those of many other 
elements; but its vapour-density decided the question. A sub- 
stance of the formula BeCh should have had the vapour-density 
{13*65 -f (3 x 85*46) }2 = 60*01. Actual experiment gave 40*42 
(see p. 122), hence its molecular ’weight is 80*84 (9*1 -)- (2 x 35*46) 
= 80*02).t 

The atomic weights of calcium, magnesium, zinc, and cadmium 
given in the table, correspond, it will be seen, with the usual 
atomic heat. 

2. The similarity of the metals calcium, strontium, and barium, 
and of their compounds, lead to the inference that they belong to 
the same group of elements, hence they find their position in the 


• p. 


t CompteM rend., ©8, 988. 
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periodic table. The atomic weights are deduced from this simi- 
larity, and from their position in the table (see p. 22). 

For these reasons it is concluded that the cfenernl formula of 
the halides of this group of elements is MXg, where M stands for 
metal and X for halogen ; that of the membc*rs of the lithium 
group is MX. Lithium and its congeners are termed or 

THonovaZent elements in these compounds; beryllium, magnesium, 
and elements of their groups, are termed dyad or divalent in tlimi- 
compounds. But it has been amply shown that valency^ ns Hie 
property of acting as a monad, a dyad, a triad element is fi rim il, is 
not a constant quality of any element ; noi* in such comjHmmls as 
KI^, or in the double halides mentioned, eaii we tell liow the 
atoms are helfl together, whether tl»e metal ntfrnefs lialogen, or 
halogen attracts halogen, or both attracts both. We are at present 
without any satisfactory theory to account for such compounds, and 
must, in the meantime, simply accept the fact of tlu‘ir existema'. 

The specific heats of some eleiiieuts may be simjfiy detcM luiiicil with fair 
approximation by the “ method of iMixturc,” and Duloii^ and JN lil’s la\> may 
h(‘ oasilv illustrated. A cylindrical can of thin shtad bruHs servrs as a calori- 
natcr (liir 2t>) It should have a capacity of about 3(X> cuha <-iihm((res. 
Having placed in it 200 cubic eenfinicfreH of water, flu* temix i .tl m c of tlie 
water is accurately aseertairu'd l>v a <l< la -ilc fhennouH 0 r, .iduai cd lu IciiIIih 
of a degree. Three small hcfiiisjdicn >. of /uic, (m and Icid < .k It uciirhing 100 
grams, are suspended in a h.illi nt lH»diag \\.d< r Its Ihin uiks 'I'Im* ^ino is 
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quicltly lifted out and dropped iid(t flic calorirncf cr , flic wafer is stirred with 
the thermometer or with a special stirrer, ns bluiwa in fin figure, and its tem- 
perature ascertained. Similarly, the amount of heat given uji to frrn}i supplies 
of cold water by the other two metals, tin and lead, is found. 1 la ir specific 
Heats may be calculated as follows : — 


K 
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Eise of temperature of the water x 200 « heat given up to the water by 
100 grams of metal in cooling from 100° to the final temperature of the water. 
Hence, if ^ rise of temperature, then (t — t') 200 = (100 — t)x, where x — 
capacity for heat of the metal ; and xjlOO = specific heat of the metal. 

This experimental illustration, rough as it is, yields fairly good results, 
probably because the errors neutralise each other in part. The sources of error 
are— (1) Hot water is carried over by the metal into the calorimeter ; (2) heat 
is lost by the metal during its transit ; (3) no allowance is made for the capacity 
for heat of the metal of the calorimeter ; and (4) no correction is made for the 
loss of heat of the calorimeter by radiation. 
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CHAPTER X. 

COMPOUNDS OP THE HALOGENS WITH BORON, SCANDIUM, YTTRIUM, 

LANTHANUM, AND YTTERBIUM ; WITH ALUMINIUM, GALLIUM, INDIUM, 

AND THALLIUM ; WITH CHROMIUM, IRON, MANGANESE, COBALT, AND 

NICKEL. — D(JpBLE HALIDES OP ELEMENTS OF THESE GROUPS. 

Boron, Scandium, Yttrium, Lanthanum, and 
Ytterbium Halides. 

Of these elements boron is the only one the halides of which 
are well known. 

Sources. — None of the haloid compounds of these elements 
exist in nature. 

Preparation. — 1. By direct union. — Boron burns when 
heated in chlorine gas, producing the chloride BCh; the bromide 
may also be prepared by passing bromine vapour through a tube 
in which amorphous boron is heated to redness. The iodide is 
unknown. 

2. By the simultaneous action of chlorine or bromine 
and carbon (charcoal) on the oxide at a bright red heat. — 

The carbon withdraws the oxygen, producing carbon monoxide, 
while the halogen unites with the boron ; thus : — 

BaOa + 30 + ^Gh = 2BCh “h SCO. 

• 

An intimate mixture of sugar-charcoal, oil, and boron oxide is 
made into balls, and ignited to carbonise the oil out of contact with 
the air. They are then heated to bright redness in an atmosphere 
of halogen. 

Carbon monoxide is a gas, very diflBcult to condense; boron 
chloride and bromide are liquids at the ordinary temperature ; 
hence by leading the products through a freezing-mixture, the 
halide condenses. The halides of the other elements may be simi- 
larly prepared ; but as they are solids, difficult to volatilise, they 
remain mixed with the surplus carbon. 

3. By double decomposition. — (a.) The action of the halo- 
gen acid on the oxides or hydroxides. — This is the usual ijiethod of 

s 2 
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preparing boron fluoride. The hydrogen fluoride is prepared from 
calcium fluoride and sulphuric acid (see p. 108), and while being 
formed acts on boron oxide contained in the mixture. 

The first action is SCaPj + SHaSO* = SCaSO* -f 6 HF ; and 
the second B^Os + 6HF = 2BF3 4 - ^HaO. The water produced 
would decompose the boron fluoride, were it not that it combines 
with the sulphuric acid (see p. 415), and it is thus w ithdrawn 
fi'om the action. The other hydrogen halides have no action on 
boron trioxide. With other oxides of the group, and with the 
hydroxides, aqueous solutions of the halogen acids yield halides. 

(6.) Boron chloride may be produced by heating together 
phosphorus pentachloride, PCI5, and boron trioxide, in sealed tubes 
to 150°. The equation 6PCI5 + = 3P2O5 4- IOBCJ 3 ex- 

presses the change. 

Properties. — Boron fluoride is a colourless gas very soluble in 
water (1059 volumes at 0°). Boron chloride and bromide are 
volatile colourless liquids, the former boiling at 18*23°, the latter 
at 90*5° ; they react at once with water, forming the hydroxide and 
hydrogen halide, thus : — BCh 4 3H2O = B(OH)3 + dHCl. Boron 
fluoride has such a tendency to combine with water that it with- 
draws hydrogen and oxygen from carbon compounds containing 
them, liberating carbon, and in this respect resembling zinc 
chloride. It also reacts with water ; the first stage of the reaction 
is 2BJF3 -f 3HaO = B2O3.6HF.* On heating the solution, BPs and 
HiO are evolved, ajj^d the compound HBOg.flHF named fluohoric 
acid remains (see p. 236). On dilution with water, boron hydroxide 
deposits and hydroborofluoric acid is formed, thus : — 

4(HB03.3HF) = B(OH), 4- 3HF.BF3 4- SH^O.t 

The halides of the other elements of this group are white crys- 
talline substances soluble in water, and decomposed on evaporation 
with water. They are not easily volatile, hence they may be pro- 
duced anhydrous by evaporation with ammonium chloride, as 
anhydrous magnesium chloride is prepared (see p. 123). Yttrium 
iodide is unstable in moist air. 

Heat of formation. — B + *= BCl^ + 1040K. 

Double halides. — The double halides of boron fluoride only have been 
studied. It was mentioned above that on heating a solution of boron flaoride, 
some fluoride escapes, but some reacts with the water, giving HF.BFj, named 
h^droborojluoric acid. It is also produced by dissolving boron oxide, B^Og, in 
hydrofluoric acid. It is known only in aqueous solution, for on concentration 

• Basarois, Comptev rend.y 78 1698. 

t Cpnsidof able doubt exists regarding these changes (see p. 236). 
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hydrogen fluoride is evolved, while boron hydroxide, remains in solu- 

tion, thus; — HF.BF, + 3H,0 =* B (011)8 iJSF, Compounds with other 
fluorides can also be produced by direct union of boron fluoride with the 
fluorides of these elements ; but such compounds are also formed by the action 
of hydroborofluoric acid on the oxides, hydroxides, or carbonates of the metals. 
They are almost all soluble in water and crystalline. The potassium compound 
has the formula KF.BF3 ; the barium compound BaF.2.2BF8.H30, The fine 
compound may be prepared by tlie action of the hydrogen compound on metallic 
*inc, when hydrogen is evolved, thus: — 2HF.BF3.Aq t-Zn * ZnF2.2BF8 + Hi. 
These bodies are commonly termed salts of hydrohorofiuoric ctcid or 6oro- 
Jluorides. 


AluminiAm, Gallium, Indium, and Thallium 
Halides. 

Sources. — The only important compound found native is ahi- 
ninium fluoride, which, in combination with sodium flnoride, 
{‘orms the white crystalline mineral cryolite., BNaF.AlF,. 

Formation. — These elements combine with the halogens in 
several proportions, as seen in the following table: — 

Fluorine. Chlorine. Bromine. 

Aluminium. AlFg*; AlFa — AlOl, — AlBr, 

Gallium... ? GaFa GaOl.; GaOlsf ? GaBr, 

Indium... ? InF, InCl; InClj,; ? InBr, 

InCls 

Thallium.. TlFj TIF3 TlCl; TlClg j TlBrjTlBrg; 

TlClj TlBr, 

Preparation. — 1. By direct union. — The compounds of the 
general formula MX 3 are formed in this way. 

2. By replacement. — AIX 3 , GaXs, and InXa, are produced 
by dissolving the respective metals in the haloid acid; hydrogen 
is evolved ; thallium dissolves very slowly, being protected by a 
layer of sparingly soluble halide, forming a thallous salt, TlX. 
By heating indium in dry hydrogen chloride, however, InOla is 
produced. 

3. The lower chlorides, QaCU, InCU, and InCl, have been 
produced by heating the higher chlorides with the respective 
metals. 

4. By double decomposition. — (ji.) Solution of the respective 
oxides., hydroxides^ or sulphides in the haloid acid, 

* Only known in the compound 2NaF.AlFj. 

t Comptes rend., 08, 294 and 329. 
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Thusi-Al^O, + GHCl.Aq = 2AlCl5.Aq + 3 HaO ; 

TUO -f 2 HCl.Aq = 2 TlCl.Aq -h H, 0 ; 

T1,03 -f 6 HCl.Aq = 2 TlCl 3 .Aq -f ; 

InSz + 6 HCl.Aq = 2 InCl 3 .Aq -f 3H28. 

Thallons carbonate dissolves in baloid acids, giving thallons salts. 

(b.) By precipitation. — The chloride, bromide, and iodide of thal- 
iiara being nearly insoluble in water, may be prepared by treating 
a soluble compound, e.g.^ the nitrate, TlNOj, with a soluble halide ; 
thus — 

TlNOa.Aq + KI.Aq = Til + KNO,.Aq. 

(c.) Aluminium chloride and bromide, like th6 corresponding 
halides of boron, may be produced by passing chlorine over a mix- 
ture of the oxide and charcoal heated to redness ; or by passing the 
vapour of carbon tetrachloride, CCI 4 , over red-hot alumina. The 
equations are : — 

AUO, -b 30 -f = 2AlCh +300; and 
2Ala03 + SCCk = 4 A/OZ 3 + 3 OO 3 . 

Properties. — MX3. — These compounds, with the exception of 
Inis, which is yellow, TIF3, green (?), TIBrs, yellow, and TII3, 
red, are colourless crystals ; they are all soluble in water. They 
melt and sublime at comparatively low temperatures. They 
crystallise from water with water of crystallisation. Their solu- 
tions, when evaporixtOd, decompose, halogen acid being liberated, 
and an oxy halide being left. The anhydrous halides all attract 
atmospheric moisture. 

MX3. — Gallinm and indium dichlorides are white ; that of 
thallium pale yellow, as also its dibromide. They are attacked by 
water, indium and gallium dichlorides apparently decomposing 
into mono- and trichlorides, thus ; — ’ 

2 InCls + Aq = InCl + InCli.Aq. 

The monochloride in contact with water deposits the metal, 
trichloride i*emaining in solution, thus : — 

SlnCl + Aq = InCU.Aq + 2In. 

MX.~InCl* is reddish-yellow, and is decomposed by water 
(see above). TIF, TlCl^ and TIBFi are white crystalline bodies; 
TU is yellow. The fluoride is the most soluble, the iodide almost 
insoluble in cold water. They all crystallise from solution in hoi 
water, and do not react with it on evaporation. 


• Chem. Soc., 53, 820. 
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crucible in a current of hydrogen. It is a white insoluble substance, erolving 
hydrogen on treatment with hydrochloric acid.* 

3 «Derivatives of MX. — The only representative known is TIF.HF, which 
is produced by direct addition. It resembles its potassium analogue, KF.HP 
(see p. 119 ), in being decomposed by heat. 

It has been shown that the compound TII^KI may equally well be produced 
from Til and Kls.f We cannot therefore regard it as necessarily composed of 
thalhc iodide and potassium iodide ; it may equally well be viewed as a compound 
of potassium triiodide, KI3, and thallow# iodide, Til. In fact we have to confess 
our complete ignorance of the manner of combination of the atoms in the mole- 
cule. It might therefore be better to write the formula KTII4, thus committing 
ourselves to neither view j but simplicity of arrangement is certainly aided by 
the method adopted. 

Chromium, Iron, Manganese, Cobalt, and Nickel 

Halides. 

Sources. — None of these compounds is found native except 
ferric chloride, FeaCU} which sometimes occurs in the waters of 
volcanic districts. 

These elements, generally speaking, combine with the halogens 
in two proportions, as shown in the following table : — 


Fluorine. Chlorine. Bromine. Iodine. 

Chromium ... — CrFs. CrCl.2 ; CrOls. CrBr2 ; CrBr,^. — Clrl^. 

Iron FeFj ; FeF3. FeCl2 ; FeOlg. FeBr2 ; FeBrs. Fel2 ; Felg. 

Manganese... MnF2; MnFs. MnCl2 ; MnClst MnBr^; — Mnl2; — 

M11F4. 

Cobalt C0F2; — CoCl2;CoCl3t CoBro ; — Colgj — 

Nickel NiF2; — NiCl^; — NiBr^ ; — Nllo ; — 


Manganese forms a tetrachloride, stable in ethereal solution ; chromium a 
hexafluoride, CrF^, 

Prepliration. — 1. By direct union. — Chromium and iron 
fcirm dihalides, if the halogen he not in excess ; and trihalidea 
with excess of halogen; manganese, nickel, and cobalt, form 
only dihalides. 

2. By the action of the halogen acid on the metals with 
or without presence of water.— In all cases the dihalide la 
formed, thus ; — 

Fe + 2HC1 == FeCl, -h H*. 

3. By double decomposition. — The action of the halogen 

* Chem, 59 , 76 . 

t Johnson, Chem. Soc.^ 33 , 183 . 

X Known only in solution. 
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Physical Properties, 


. Mass of 1 c.c. solid. 


Melting-point. 

Boiling-point. 

F3. 

Clg. Brg. 

I... 

i\ Cl. 

Br. 

i. 

F. Cl. 

, Br. I.' 

Boron (liquid ? 

1*35 2*69 

— 

? 

? 

? 

— 

? 18*2° 

90*5° — 

compounds) 
Aluminium . . 3T 

? 2*64 

2-63 

? 

?* 

93° 

125° 

? * 

264° 360° 

Gallium .... ? 

2 36 ? 

at 80° 

? 

9 

765° 

? 

? 

p 220° 

? ? 

Indium ? 

? ? 

? 

? 

« 

? 

? 

? • 

? ? 

ThaUium,TlX ? 

7*0 7-64 

7*8 

? 

427' 

458° 

439° 

719° ? 

? 800® 


GaCl2 ; m.-p., 164 ° ; b.-p., c. 636°. 


^ Seats of formation : — 

1. A1 + 3CZ - AlOlg 4- IGIOK + Aq = 768K. 

A1 + 3Br « AlBrg 4- 1197K + Aq « 853K. 

A1 + 31 = Allj + 704K + A(i = 890K. 

2. T1 + Br = TlBr + 413K. 

T1 + I = TU + 302K:. 


Double halides. — Of these, only the compounds of aluminium and thallium 
seem to have been prepared. They are all obtained by direct addition, some- 
times, however, being prepared in presence of water, sometimes by fusion. 


1 . Derivatives of 11X3. 

AlI’3.3NaF. AIF3.2KF. 

AlFs.SXF. AlF3.2KaF. 
TICI3.3NH4CI. TlClg.2K01. 
TICI3.3TICI. — 

TlBra-STlBr. — 


AlCls.NaCl f Similar iodides are 
AlBrg.KBr I said to exist. 
TlBr3.NH4Br. 

TICI3.TICI. 

TlBrg.TlBr. 

TII3.KI. 


Besides these are known : — TlIg.bTU ; 2TlBr3.3XBr ; and its analogue, 
2TII3.3KI; also 4AlF3.Mg'F2.!N'aF, a mineral named ralstonite. Tbe most 
important of these is the mineral cryolite^ AlFs.SKaF, which is mined at 
Evigtok, in West Greenland, where it forms a deposit 80 x 300 feet in deptli 
and length. It is used as a source of fluorine, of pure alumina, and of caustic 
soda. 

2. Derivatives of MXj. — The compound AlF2.2NaP, belonging to this 
group, is an interesting one, inasmuch as it is the onlv one in which aluminium 
is combined with two atoms of a halogen, or, more comprehensively, the only 
one in which aluminium functions as a dyad (see p. 129). It has recently been 
prepared by heating cryolite with metallio aluminium to redness, in an iron 


* Sublimes without fusing. 



CHROMIUM, IRON, MANGANESE, COBALT, AND NICKEL. 137 


crucible in a current of hydrogen. It is a white insoluble substance, erolving 
hydrogen on treatment with hydrochloric acid.* 

3 «Derivatives of MX. — The only representative known is TIF.HF, which 
is produced by direct addition. It resembles its potassium analogue, KF.HP 
(see p. 119 ), in being decomposed by heat. 

It has been shown that the compound TII^KI may equally well be produced 
from Til and Kls.f We cannot therefore regard it as necessarily composed of 
thalhc iodide and potassium iodide ; it may equally well be viewed as a compound 
of potassium triiodide, KI3, and thallow# iodide, Til. In fact we have to confess 
our complete ignorance of the manner of combination of the atoms in the mole- 
cule. It might therefore be better to write the formula KTII4, thus committing 
ourselves to neither view j but simplicity of arrangement is certainly aided by 
the method adopted. 

Chromium, Iron, Manganese, Cobalt, and Nickel 

Halides. 

Sources. — None of these compounds is found native except 
ferric chloride, FeaCU} which sometimes occurs in the waters of 
volcanic districts. 

These elements, generally speaking, combine with the halogens 
in two proportions, as shown in the following table : — 


Fluorine. Chlorine. Bromine. Iodine. 

Chromium ... — CrFs. CrCl.2 ; CrOls. CrBr2 ; CrBr,^. — Clrl^. 

Iron FeFj ; FeF3. FeCl2 ; FeOlg. FeBr2 ; FeBrs. Fel2 ; Felg. 

Manganese... MnF2; MnFs. MnCl2 ; MnClst MnBr^; — Mnl2; — 

M11F4. 

Cobalt C0F2; — CoCl2;CoCl3t CoBro ; — Colgj — 

Nickel NiF2; — NiCl^; — NiBr^ ; — Nllo ; — 


Manganese forms a tetrachloride, stable in ethereal solution ; chromium a 
hexafluoride, CrF^, 

Prepliration. — 1. By direct union. — Chromium and iron 
fcirm dihalides, if the halogen he not in excess ; and trihalidea 
with excess of halogen; manganese, nickel, and cobalt, form 
only dihalides. 

2. By the action of the halogen acid on the metals with 
or without presence of water.— In all cases the dihalide la 
formed, thus ; — 

Fe + 2HC1 == FeCl, -h H*. 

3. By double decomposition. — The action of the halogen 

* Chem, 59 , 76 . 

t Johnson, Chem. Soc.^ 33 , 183 . 

X Known only in solution. « 
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acid on the oxide^ hydroxide, sulphide, carbonate, sulphite, 

&C. — With oxides, sulphides, &c., in which the metal acts as a 
dyad^ the dihalides are formed, thus : — 

FeO + 2HCI.Aq = FeCU.Aq + H^O. 

Mn(OH)2 + 2HCl.Aq = MnOh.Aq + H^O. 

NiS -f 2HCl.Aq = NiCh-Aq -h H2S. 

C0CO3 + 2H.Cl.Aq = CoClo.Aq + CO2 ■+" H^O. 

If the sesquioxide, dry or hydrated (hydroxide), be employed, 
the tri halides are produced when capable of existence ; if not, the 
halof^en is evolved, thus : — 

Fe^Og + 6HCl.Aq = 2FeCl3.Aq + SHgO. 

Cr(OH)3.Aq + SHCl.Aq = CrCh.Aq + .SH^O. 

NiaOa + 6HCl.Aq = 2NiCl2.Aq + 

MUaOa -f GHBr.Aq = 2MnBr2.Aq -j- 3H2O + Br2. 

With a higher oxide of the metal, or a double oxide containing 
such a higher oxide, the highest halide capable of existence at the 
temperature of action is produced, and the halogen is liberated : 
thus, if the solution be cold, 

2Mn03 + 4HCl.Aq = 2MnCl3.Aq + 4H2O + but if hot, 

. MnOa + 4HCl.Aq = MnCU.Aq + 2H2O + CU 
Similarly, 2Cr03.Aq^.^ 12HI.Aq = 2Crl3.Aq H- 6H2O -f SI*; and 
K2Cr207.Aq(= K20.2Cr03) + 14HCl.Aq = 2KCl.Aq + 
2CrCl3.Aq -f 7H2O + ZGh. 

Al^o, 2KMn04.Aq(= KaO-Mn^OT) + 16HCl.Aq = 2KCl.Aq -f 
2MnCl3.Aq + 8H2O + bGh- 

These last methods, involving the use of higher oxides, are the 
practical methods of preparing the elements — chlorine,, bromine, 
and iodine (see p, 75). Fluorine cannot be thus liberated. Hydro- 
gen fluoride either is without action, or it libei-ates oxygen as ozone, 
or (in the case of manganese dioxide or of chromium trioxide), 
higher fluorides are produced (see p. 142). 

4. With chromium alone, the action of hydrogen at a low 
red heat on the trihalide produces the dihalide, thus : — 

2CrCl3 + = 2CrCl2 + 2ECI, 

This is best carried out practically by heating a mixture of 
chromic chloride and ammonium chloride to bright redness in a 
porcelain retort. 

On trqjitment with hydrogen at a red heat, the other chlorides 
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are reduced to metal ; as is that of chromium at a high tern- 
perature. 

5. By the action of the halogen on a red-hot mixture of 
the oxide and carbon. — This method is specially used for pre- 
paring the trihalides of chromium, for the metal is difficult to 
prepare. The halide volatilises, and is thus separated from the 
excess of carbon. 

Properties. — Dihalides. — These compounds, if anhydrous, 
crystallise in lustrous scales. Their colours are : — 

Chromium. Iron. Manganese. Nickel. Cobalt. 

Fluoride. . ? White ? ? ? 

Chloride.. White White Bose Yellow Blue. 

Bromide . White Yellowish Pale-red Yellow Green. 

Iodide... ? Grey White? Dark, metallic Black, lustrous. 

They are all deliquescent, and dissolve in water, heat being 
evolved by the union. They also dissolve in alcehol. They 
crystallise from such solutions, with more or less water of 
crystallisation. They cannot be dried, for they react with water, 
giving oxyhalides. The colours of these compounds with water 


are : — 

Chromium. Iron. Manganese. Nickel. Cobalt. 

Fluoride ? Colourless Amethyst Green Bose. 

Chloride Blue Blue-green Bose Green Pink. 

Bromide Blue Green Bed Green Bed. 

Iodide ? Green White Green Green. 


Manganous fluoride is insoluble in water, but dissolves in 
aqueous hydrofluoric acid, doubtless forming a double fluoride. 
Almost all these compounds are soluble in alcohol ; manganous 
chloride dissolves with a green colour. The halides of nickel and 
of cobalt undergo a curious change on concentration, or on addition 
of halogen acid ; those of nickel turn yellow ; those of cobalt blue, 
*or green. This is probably due to the formation of the anhydrous 
chloride. The solutions are used as “ sympathetic inks.^’ 

When the paper on which they are traced as ink is warmed, a change of 
colour takes place. A very curious effect may be produced by combination of 
ordinary water-colours with such sympathetic inks; a landscape, cleverly 
painted, may be made to show a transition from a winter to a summer scene 
when held before the fire. 

The chromous and ferrous halides, on exposure to air, combine 
with its oxygen, forming chromic or ferric oxyhalides (see p. 267). 
Their solutions, especially those of the chromium halides, rapidly 
absorb oxygen ; the oxidation being accompanied by change of 
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colour — to green, in the case of chromium, and to brown-yellow, in 
the case of iron. Such substances are said to have power of 
“ reduction,” meaning that they tend to absorb oxygen from 
bodies capable of parting with it, they themselves being 
“oxidised.” In presence of halogen acid, such a reaction as this 
occurs : — 2FeCU -f 2HC] -h O = 2FeCl3 + H 2 O ; the oxygen being 
derived from the air, or from any substance capable of yielding it. 
Hence, chromoas and ferrous halides are converted into chromic 
or ferric halides, by the action of the halogen in presence of 
water. 

Physical Properties, 

Mass of 1 c.c. Melting-points. JJoiling-points. 


F. Cl. Br. 1l, 


Chromium . . 

? 

2*75 ? 

n 


Iron 

? 

2-53 ? 

? 


Manganese. . 

? 

2-48 ? 

? 

- Unknown, Unknown. 

Cobalt 

? 

2-94 P 

? 


Nickel 

2-86 

2-66 P 

? 


Bfydrated : 

1 — NiCl2.4H20, 2 - 01 5 

FeCl2.4Hp, 1-93 ; C 0 CI 2 . 6 H 2 O, 1 84. 


Meats of formation : — 

Cr + CI 2 = OrClj -I- ? -I- Aq = ? 

Fe + C /2 = FeClj + 821K + Aq = 179K. 

Mn C /2 = MnOlg + 1120K + Aq = 160K. 

N1 + CI 2 + 745K + Aq = 192K. 

Co + Cli ^ O 0 OI 2 + 765K + Aq = ISSK. 

Double compounds of the dihalides. — One hydrochloride is known, viz., 
2H01.3CrCl2.13H20 ; and crystals, too unstable to be collected, have also been 
obtained bypassing hydrogen chloride into a cold solution of cobaltous chloride. 
The other double salts may be divided into two groups, of which instances are 
FeP 2 . 2 KF, FeCl 2 . 2 KCl. 2 H 2 O, MnCl 2 2 NH 4 Clj also NiCl 2 .NH 4 Cl, and 
K[nCl2.NH4Cl. 

Not many such compounds have been prepared. 

Trihalides. — The anhydrous trihalides also form lustrous 
scales. Their colours are — 


Chromium. Iron. 

Fluoride Dark green Pale yellow. 

Chloride Pale violet Black. 

Bromide ......... Dark olive green Black. ? 

Iodide ? Black. 


Chromic chloride, after sublimation, is insoluble in cold water, 
but dissolves after long boiling. If prepared by drying the 
hydrated chloride in a current of hydrogen chloride, it is soluble ; 
as soon as ijj; has been sublimed, it is insoluble. The presence of a' 



CHEOMIUM, IRON, MANGANESE, COBALT, AND NICKEL. 141 

trace of chromous chloride causes the insoluble variety to dissolve 
at once. The other halides are deliquescent, and readily soluble 
in water. They also, like the dihalides, react with water, forming 
oxyhalides (see p. 257). 

The trihalides of manganese and cobalt are unknown in the 
anhydrous state. 

The aqueous solutions have different colours, owing, no doubt, to the 
presence in solution of a compound with water. They are — 

Chromium. Iron. Manganese. Cobalt. 


Fluoride .... G-reen Colourless Ruby ? 

Chloride .... Green Yellow Brown-yellow Brown 

Bromide .... Green Brown-red ? ? 

Iodide Green Brown ? ? 


Chromic chloride exists in two modifications, green and violet. 
The green solution has possibly a more complex molecule than 
the violet one. The violet modification is produced from the 
violet sulphate (see p. 426) by double decomposition with barium 
chloride, thus, Cri3S04.Aq -h SBaCh.Aq = 2CrCl3.Aq + 3BaS04 ; 
or by dissolving the grey modification of the hydroxide (see p. 252 ) 
in hydrochloric acid. These chlorides probably all react with 
water, giving oxychlorides. That of manganese, indeed, if much 
water be added, gives a precipitate of sesquioxide, thus : — 

2MnCl3.Aq + SH^O = MnA-Aq + 6HCl.Aq. 

Manganic fluoride, when heated with water, gives off oxygen, 
and hydrogen fluoride, thus ; 2MnF3.Aq -f H^O = 2MnP2.Aq-f 2JTF 
“f O2. Manganese and cobalt trichlorides are very unstable, 
evolving chlorine at the ordinary temperature, thus ; 2MnCl8.Aq 
= 2Mn,0l2.Aq Gk. Ferric chloride is more stable, but it may be 
reduced or deprived of chlorine by means of nascent hydrogen, 
hydrogen in process of formation. Hydrogen gas may be 
passed through a solution of ferric chloride without action; but if 
the hydrogen be prepared in a solution of ferric chloride by the 
action of zinc and hydrochloric acid for example (see p. 27), 
the ferric chloride is changed to ferrous chloride, thus : — 
FeCls.Aq -f H = FeClj.Aq 4* HCl.Aq. It is supposed, with great 
probability, that the hydrogen is liberated in the atomic condition. 
In presence of ferric chloride it unites with chlorine ; but if no 
reducible substance is present, it combines with itself to form 
molecular hydrogen, Hi, which is then without action. Chromic 
chloride cannot be easily reduced in aqueous solution. 
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Physical Properties, 

Mass of 1 o.c. solid. Melting-point. Boiling-point. 

r ^ ^ ^ ^ ^ ^ 1 — ^ 

F. Cl. Br. I. F. Cl. Br. I. F. Cl. Br. I. 
Chromium .... ? 2 76 ? ? 1 i, tt i. 

Iron ? 2-80 ? ?} 


Heat of formation : — 

Fe + Cli - PeOlg + 961K ; -i- Aq =* FeClj.Aq + 633B:. 

Double compounds of the trihalides. — These are made by direct addition 
and belong to the following four types : — 

1. OrOla.KCl; CrBrj.KBr ; CrIs.KI; FeFg.KF. ^ 

These are stable in presence of excess of the hydrogen-halide, but decom- 
pose with water. 

2. CrF 3 . 2 KF; FeF8.2KF; P 0 CI 3 . 2 KCI; FeCl 3 2 NH 4 Cl; FeCla.M^Clg; 

MnFa.2KP; M:nF3.2NH4Fj ]M[nF3.2N‘aF; M:nF3.2A»F. 

• 3. OrFa-SKF. 

4. 2Fel3Fel2; 2M:nF3.MnF2. 

The green modifications of chromic halides do not form double compounds. 
They are possibly combinations of molecules of the chromium halides with 
each other. 


Higher halides. — Manganese tetraflnoride, MnF^, is produced 
by treating manganese^dioxide with aqueous hydrogen fluoride, 
thus : — 

MnOa -h 4 HF.Aq = MnF4.Aq + 2H2O, 

It is soluble in alcohol and in ether. Its aqueous solution, when 
warmed, decomposes, depositing the dioxide, Mn02.Aq. On ad- 
dition of a solution of potassium fluoride it forms the double 
compound, 2KF.MnF4, as a rose-coloured precipitate. 

Manganese dioxide, suspended in ether, and saturated with 
hydrogen chloride, gives a green solution of MnCh. 

Chromium hexafluoride, CrFg, is produced by the action of 
hydrogen fluoride on chromium trioxide, CrOa, in presence of 
anhydro-sulphuric acid to absorb the resulting water, thus : — 

CrOa “h 6TTF -f- 3H2S2O7 = CrFe 4 " 6H2SO4. 

It is a fuming volatile liquid, of a blood-red colour, which 
attacks silicon oxide, and hence cannot b© kept in glass vessels.* 

General remarks. — The elements of this group combine with 

• This substance is also said to be an oxyfluoride of the formula CrOjFg 
(Oazzetta chitmca italiana, 16, 218). 
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halogens in four different proportions, thus ; MX2, MX3, MX4, and 
MXfi. The higher members are most stable with chromium, 
and ^he lower ones most stable with nickel. The molecular 
formblee of these bodies have given rise to much dispute. 
Chromium dicbloride appears to exist partly as CrOk, partly 
as CTiGliy in the gaseous state at 1600° ; at 1400-1500°, ferrous 
chloride possesses the simpler formulae, FeCU. Chromic chloride, 
above its volatilising-point, about 1060°, has the formula, GrCk ; 
ferric chloride, at temperatures below 620°, is FeiGk ;* but as tem- 
perature rises, these complex molecules dissociate, and at 760° and 
upwards, its density shows it to have the formula, FeGU,f The 
molecular we^hts of the double compounds of these halides are 
unknown, but it appears probable that they possess the simpler 
formulas given them. 

The formulas of these compounds are deduced — 

1. From the simplicity of the ratios of metal and halogen:— 
viz., 1:2; 1:3; 1:4; and 1 : 6. 

2. From the vapour- densities. 

3. From the atomic heat of the metals. These are 

Cr. Fe. Mn. Ni. Co. 

? 6*27 6-69 6-43 6’31 

* Comptes rend.y 107, 301. 

t Zeitschr, Phys, Chem.^ 2, 659 ; Chem, Soc., 63, 814. 
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CHAPTER XT. 

COMPOUNDS OP THE HALOGENS WITH CARBON, TITANIUM, ZIRCONIUM, 
CERIUM, AND THORIUM ; WITH SILICON, GERMANIUM (TERBIUM), 
TIN, AND LEAD. — DOUBLE HALIDES OP ELEMENTS OP THESE GROUPS. 
— PROOF OF THEIR MOLECULAR FORMULA. 

Carbon, Titanium, Zirconium, Ceriiim, and 
Thorium Halides. 

The halides of carbon differ from those of the remaining elements 
of this group, in being more numerous, and in being insoluble in 
water. It appears advisable, in the present state of our know- 
ledge, to include cerium in this group, although its halides do not 
closely resemble those of the other elements of the group. 

Sources. — None of these halides occur native, except ^wocenVe, 
to which Berzelius gave the formula OeFs, and tysmite^ 4CeF3, 
dliSlFs. 

These elements form the following compounds with the 
halogens : — 

Fluorine. Chlorine. Bromine. Iodine. 

Cftrbon. . * • CCI4 OjCl^ ; C2CI4, &c. CBr4;C2Br5j C2Br4. CI4. 

Titanium.. TiP.,j TiF4 T 1 C 1 >; TigOla; TiCl4 TiBr4 Til4. 

Zirconium . ZrF4 ZrOl4 ZrBr4* ? 

Cerium.... CeF3j*OeF4*OeCl3 CeBr8'*^ Cels* 

Thorium . . ThF4 ThC^ ThBr4* Thl4*. 

Preparation. — 1. By direct union.— Carbon does not com- 
bine directly with halogens, except with fluorine. The other 
elements are converted into those compounds which contain the 
largest amount of halogen. 

2. By the action of the halogen on a red-hot mixture of the 
oxide with charcoal. — By this means, TiCU, TiBri, ZrCli, and 
ThCl4 have been prepared. The preparation of chloride of 
titanium may serve as a type of the rest : — 

TiOa 4- 20 -f 20^2 = Tick + 2C0.1[ 

* These have been obtained only in combination with water, 
t Chem. Soc., 47 , 119 ; Comptes rend., 104 , 111 ; 106 , 1074 . Carbon tetra- 
chloride marji>e substituted for free carbon and free chlorine. 
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CeCla has also been prepared by passing a mixture of carb^)n 
monoxide, CO, and chlorine over the ignited oxide ; and. TiCh, by 
the action of CCI4 on ignited TiOi. 

3! By the action of the halogen on the hydride or 
sulphide of the element. — This is the method by which 
carbon tetrachloride, CCI4, is commercially prepared. The 
disulphide (see p. 282), mixed with chlorine, is passed through 
a tube filled with pumice-stone and heated to redness. The 
chlorine combines with both carbon and sulphur, thus : — 

08, -f SGk = GCh + 8,Gk. 

The chloride of sulphur is afterwards decomposed by the action 
of lime-water* (see p. 167), and the carbon tetrachloride purified 
by distillation 

Methane or marsh gas (hydrogen- carbide), GH^ (see p. 560), 
is also converted by the prolonged action of chlorine into the tetra- 
chloride, thus : — 

GE, + 4 CZ 2 = CCh + 4>HCL 

There are, however, three intermediate stages, OE^Cl, CH.Cb, 
and CHCI3. 

Similarly, can be converted into CsCle, through the 

following stages : — 

C 3 H 4 CI 2 ; C 2 H 3 CI 3 ; C 2 H 2 CI 4 ; C^HCh, and C 2 CI 6 . 

4. By the action of the hydrogen halide on the element. 
— By this method TiCla, ZrP 4 , CeFa, CeClg, CeBra, Celj, and ThCb, 
have b^en produced in solution. Hydrogen is evolved. 

5. * By the action of heat on CCI4 other chlorides are pro* 
duced, thus -.—‘Jiapk = G,Ol, + Ch ; ^OOh = O^Oh + 20J, ; WOU 
= GuGh + 12(7Za> special names are given to these bodies, viz.', 
CCI4, tetmchlordraethane ; C2CI6, hex achlore thane ; C2CI4, tetra- 
chlorethylene ; Cede, hexachlorobenzene. 

6. By the action of hydrogen at a red heat on titanium 
tetrachloride or tetrafluoride they yield the trifluoride or tri- 
chloride. The dichloride is produced by the farther action of 
hydrogen on the trichloride. 

7. Doi:(ble decomposition. — {a.) The action of the 
hydrogen halide on the oxide or hydroxide of the element. 

— All the fluorides, except that of carbon, have been thus prepared 
in solution ; also solutions of ZrCh, ZrBr 4 , CeCh, CeBrs, Cel,, 
ThCU, ThBi* 4 ^ and Thl 4 . These substances, in solution, react with 
water on evaporation. Cerium chloride has been dried in the same 
manner as magnesium chloride, viz., by preparing the double salt 
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with ammonium chloride, and, after drying it, igniting it to remove 
ammonium chloride; also by passing a mixture of chlorine and 
carbon monoxide over the sesquioxide at a red heat. It is probable 
that the others could be obtained anhydrous in a similar manner. 

(h,) This process is applied to the preparation of carbon 
bromide and iodide from the tetrachloride. A mixture of alu- 
minium bromide or iodide and carbon tetrachloride, all diluted 
with carbon disulphide, yields carbon tetrabroraide or iodide on 
heating ; carbon tetrafluoride, CP4, is produced by heating silver 
fluoride, AgF, in a sealed tube with carbon tetrachloride. Cerous 
fluoride, CePa, which is an insoluble white substance, is also pre- 
pared by this general method by the interaction between solutions 
of sodium fluoride and cerium chloride, thus ; CeCh.Aq + SNaF.Aq 
= 2CeP3.H20 + SNaCl.Aq. 

Properties. — The tetrahalides are all volatile at compara- 
tively low temperatures. Carbon tetrafluoride is a gas ; carbon 
tetrachloride, bromide, and iodide, titanium tetrachloride, and 
tetrachlorethylene are colourless liquids; hexachlorethane, zir- 
conium chloride, cerium trichloride, and thorium chloride are 
colourless solids,' which can be sublimed. Titanium dichloride is 
a black powder,* which rapidly decomposes water, with evolution 
of hydrogen, combining with the oxygen to form an oxychloride. 
Titanium trifluoride and trichloride consist of violet scales, 
soluble in water with a violet colour. Titanium tetrabromide 
is a red liquid; and the tetriodide forms brown needle-shaped 
crystals, deric fluoride is not known in the anhydrous state. 
Combined with water as CeP.HjO, it is a brown in rcsO i\hJa, 
powder, produced by treating the hydrated dioxide with^ aqueous 
hydrofluoric acid. It is doubtful whether the described 

as thorium fluoride is not in reality an oxyfluori(4®» ThOPg. 

Carbon tetriodide decomposes when heated, or \vhen exposed to 
air. With the exception of the carbon compound s.^ cerium tetra- 
fluoride, and possibly thorium fluoride, these substalpces are deli- 
quescent, and soluble in water, probably reacting wit\h it to form 
oxy halides ; this change certainly takes place on evaporation, in 
some cases an oxyhalide, in others the oxide, boingj produced. 
Carbon tetrabromide occurs as an impurity in commerci^'l bromine. 


• Friedel and Guerin, Annalet (5), 7, 24, 
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Physical Properties of Bodies of the Formula MXt. 


Mass of 1 c.c. solid 

or liquid. Melting-points. Boiling-points. 



F. Cl. Br. 


pT 

Cl. 

Br. 

I? P. Cl. 

Br. 

~ 1 . 

Carbon . . , 

— 1 -632 3 -42 4 34 

? 

? 

91 ° 

100 °* ? 76 * 7 ° 

189 - 6 ° 

' — 

Titanium . 

atO° at 14 ° 
? 1*761 2*6 

at 20° 
? 

? 

? 

39 ° 

150 ° ? 136 - 4 ° 

230 ° 

S 60 °* 

Zirconium. 

atO° 

? ? ? 

? 

? 

? 

? 

— white ? 

P 

? 

Cerium ,, 

? — — 


9 

? 

? 

heat 

p ? p 

? 

? 

Thorium . 

? ? ? 

? 

? 

? 

p 

? ? ? 

? 

? 


Of the other halides : — 


Mass of 1 c.c. Melting-point. Boiling-point. 


CoClfi 1-62 187 ^ 187 * 

Cj'Brg ? 170 ° — 

C2CI4 I* 65 at 0 ° - 18 ° 121° 

C2Br4 ? 60 ° decomposed 

TiPa ? ? — 

TisClg ? ? — 

CeCla ? not at bright redness — 


Heats of formation, — The following only have been determined : — ‘ 

C + 2 CU = CCl^ ^ 210 K. 

2 C + 2^2 = 02^/4- 12 K. 

The vapour-densities of many of these compounds have been 
determined, and it may be safely concluded that, in the gaseous 
state, most of them possess the molecular formules given above. 

Double halides. — These are for the most part produced by mixing solutions 
of the two halides and crystallisation. Those of carbon are produced by sub- 
stitution of chlorine for bromine, or by addition of bromine to a chloride (e.^., 
C2CI4 -f Br2 = C2Cl4Br2), or of chlorine to a bromide. 

Carhon^ compounds. CClaBr; a liquid boiling at 104 ’ 3 °. CC^Bra boils at 
a higher temperature. C2Cl4Br2 exists in two forms, isomeric with each other, 
one produced by direct addition of bromine to C2CI4 ; the other by the action of 
bromine on C2HCI5. There are also known : — C2Br40l2 ; C2Br8Cl ; and C2Br2Cl2. 
These bodies have vapour-densittes corresponding with the formulae given. 

The other halides combine in varying amount with halides of other elements. 
As instances, the following compounds may be given ; — 

8 : 1 .— 2TI1CI4.KCI.I8H2O. 

6 : 1 .— 3TiOl4 2PH4CI. 

4 : 1 .— ZrF4.B:F; ThP4.KP. 

4 : 2 .— TiP4.2HP ; TiP4.2KP ; TIP4.2NH4P ; TiP4.CaP2 ; TiP4.CaP2 ; 

TiP4.NiP2; ZrP4.2KP; ZrP4.M|jrP2; ZrF^.miFii ZrOl^.2Na.Ol; 

TI1P4.2KP. 

8 : 3 .— 2CeP4.3KP. 


Melts with decomposition. 
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4 ; 3.— TiCl4.3NH4Cl ; Zr¥^ 3KF; 2ZrF4.3CuF>. 

4:4. — ZrF4.2ZnF2 ; ZrF 4 20dF2; ZrF4.2MnF2; ZrF4.2NiF2 ; 

2ZrF4.2KF.NiF2. 

4 ; 6.— TiF4 2FeFj; TiCl4.6NH4Cl. 

4 : 8 .— ThCl 4 8 NH 4 CI. 

3 : 3 .— TIF 3 . 3 NH 4 F. 

These halides are able to combine with others in many proportions. The 
products are crystalline substances often combined with water, sometimes anhy- 
drous. As regards their molecular weights, nothing is known ; hence the 
simplest possible formulae have been assigned to them. 


Halides of Silicon, Germanium, Tin,- Terbium, 
and Lead. 

It has been already remarked as doubtful whether terbium 
belongs to this group of elements. These bodies, like those of the 
last group, show a decrease of volatility with increase of the 
atomic weight of the metallic element. 

Sources. — The only native halide is lead chloride, PbCl 2 , 
which was found in the crater of Vesuvius, after the eruption of 
1822. A cliloridc and carbonate of lead also occurs native, though 
rarely, as corneous lead ; its formula is PbC 03 .PbCl 2 . 

The following compounds are known : — 

Fluorine. Chlorine. Bromine. Iodine 

Silicon SiaFg; SiF^. Si^Cb ; SiaOlg ; SiC^. SbBrg; SiBr4. Sil.,; Si^Ig; Sil4. 

Germanium. ? GeF4. GoCh? GeCb. ? Gel4. 


Tin SnFs; SnF4.* SnCL ; SnC^. SnBra ; SnBr4. Snlg ; Snl4. 

Terbium.... — TbClj?* — — 

Lead PbFo. PbCL ; PbCb ?♦ PbBr.^. Pblj. 


Preparation.— 1. By direct union.— These elements readily 
combine with the halogens, when they are heated together, forming 
the compounds containing the greatest amount of halogen. 

Silicon takes 6re in fluorine gas, burning to silicon fluoride. 

This is the only method of preparing silicon tetriodide, Sili. 

2. By the action of the halogen on a red-hot mixture of 
the oxide with charcoal (see p. 131).— This. is the most con- 
venient method of preparing silicon tetrachloride and tetrabromide. 
It is necessary to take the utmost precaution to exclude moisture 
by’ scrupulously drying the halogen ; for the chloride and bromide 
are instantly decomposed *by water. The silicon chloride or 


"•Not known in the anhydrous state. 
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bromide is condensed in a (J-tube, cooled bj a freezing mixture. 
The equation is ; — Si02 4- 20 q- 2^01^ = SiCU + 2(70. 

3. * By the action of the hydrogen halide on the element. 
— Bj this means germanium fluoride and tin dichloride, bromide, 
and iodide may be conveniently prepared. Silicon fluoride may also 
be formed thus. Hydrogen gas is in eveiy case evolved. It is 
believed that hydrogen chloride, at a red heat, converts germanium 
into the dichloride, GeCU. 

The usual method of preparing stannic chloride, which bears a 
close analogy to the action of a haloid acid on the element, is by 
distilling a mixture of granulated tin with mercuric chloride. The 
stannic chloride distils over, leaving the mercury in combination 
with the excess of tin, thus : — 

2HgCl2 -f Sn = 2Hg -f SnCh. 

4. By double decomposition. — (a.) This is the usual and 
easiest method of preparing the halides of lead, a solution of the 
nitrate or the acetate of lead being treated with a solution of any 
soluble halide, for example, with the nitrate, Pb(N03)2.Aq -f 2KF.Aq 
= PbFa H- 2KN03.Aq; and with the acetate, Pb(C2H302)2*Aq + 
2HCl.Aq = PbCl* + 2aH402.Aq. 

(6.) The action of the hydrogen halide on the oxide or 
hydroxide of the element. — Silicon tetrafluoride, the halides of 
tin, and terbium chloride have been thus produced. The oxides of 
lead are attacked superficially by the halogen acids ; but, the halides 
of lead being sparingly soluble, a coating of halide is formed, which 
renders the action slow. By alternately boiling lead oxide with 
the halogen acid, and with water, in order to dissolve this coating, 
complete conversion into halide may be accomplished. 

Lead dioxide, thus treated with solutions of hydrogen chloride, 
bromide,* or iodide, undergoes the following reactions, half the 
halogen being liberated : — 

Pb02 -f 4HCl.Aq = PbCU + 2H2O -h Ck P Aq. 

Hydrogen fluoride is without action on lead dioxide. 

5. By the action of the element at a red heat on the 
tetrahalide the disilicon hexahalide has been prepared, thus : — 

6SiCl4 + 2Si = 4Si2Cle. 

As examples of these methods of preparation, (he following instances may be 
chosen : — 

1. Tin, melted in a deflagrating spoon, and plunged into ajar of chlorine 
gas, burns to the tetrachloride. 
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2. A mixture of silica and carbon, made into a paste with starch, and 
moulded into balls, and then strongly ignited, is heated in a porcelain tube 
by means of a Fletcher’s tube-fumace, provided with a blast, in a current 
of chlorine, perfectly dried by passing through tubes filled with phosphorus 
pentoxide. 



The slUoon chloride produced must be condensed in a 
in a freezing-mixture. The preparation is not easy, and is not well adapted for 
a lecture experiment. 

3. Tin, granulated by pouring the melted metal into water, is boiled in a 
flask with strong hydrochloric acid, a few pieces of platinum-foil being added to 
form a galvanic couple and assist solution. It slbwly dissolves, forming 
stannous chloride. 

4. Silicon tetrafluoiide may be prepared by heating in a glass fiask a 
mixture of equal parts of fine sand and powdered fluorspar with excess of sul- 
phuric acid. The hydrogen fluoride liberated attacks the sand, forming water, 
which unites with the sulphuric acid, and hence does not exercise a decomposing 
action on the silicon fluoride. The latter escapes as a colourless gas. It may 
be made to react with water, by causing the exit-tube to dip into a little 
mercury in a beaker, the beaker being filled up with water. The mercury is 
required, else the exit-tube would be soon blocked by deposition of silicon 
hydroxide (or silicic acid), resulting from the decomposition of the fluoride (see 
p. 163). 

The action of lead dioxide on the halides of hydrogen may be easily shown 
by warming in a test-tube a few grams with some hydriodic acid. Violet fumes 
of iodine escape, and the dioxide is converted into yellow iodide. 

5. The formation of the halides of lead may be shown, as in 4a. 

Properties. — Tetrahalides. — These compouTids boil at com- 
paratively low temperatures. Silicon tetrafluoride is a colourless 
gas at ordinary temperatures, the chloride and bromide are volatile 
liquids ; and the iodide a white solid. Germanium chloride* is a 
colourless volatile liquid ; and tin tetrachloride is also mobile and 
colourless, boiling at a somewhat higher temperature. Germanium 

• J, praX;f, Ohm. (2), 84, 177. 
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bromide and fluoride do not appear to have been prepared ; the 
iodide is a yellow solid, giving a yellow vapour. It dissociates 
some^ehat below 658 °. Tin tetrafluoride has not been obtained in 
the abhydrous condition ; the bromide forms volatile white crystals, 
and the iodide is yellowish-red, and also volatile. All these sub- 
stances react with water, forming oxides, or oxyhalides; hence, 
being volatile, they all fume in the air. The vapour-densities of 
most of them have been determined, and correspond to the simple 
formulro MX4. 

Bodies of the formula M^Xe. — These are only known to exist 
as compounds of silicon. The fluoride, SiaPe (?), is a white powder 
(probably an oxyfluoride). The iodide, Si^Ie, produced by the 
action of finely-divided silver on the tetriodide, is separated from 
the excess of silver by solution in carbon disulphide, from which 
it deposits in colourless prisms. By warming it with mercuric 
chloride it is converted into the corresponding chloride, Si2Cl6, 
which is a colourless mobile liquid. The corresponding bromide 
is produced by shaking a solution of the iodide with bromine dis- 
solved in carbon disulphide, and removing the iodine by agitation 
with mercury. It forms white crystals. A determination of the 
vapour- density of the chloride, showed it to possess the 

molecular weight corresponding to that formula.^ 

Dihalides. — Silicon dichloride is a liquid, which has not yet 
been obtained pure ; the di-iodide remains as an orange-coloured 
residue on distillation of the compound which splits into the 

tetriodide and di-iodide, thus — Si2l6 = Sil4 -h Sil*. It is in- 
soluble in all known solvents, and is decomposed by water. 

Grermanium dichloride is a colourless liquid. Its formula is 
as yet uncertain, and it may possibly be GeHCU, for it has not 
been analysed. 

Tin d^fluOride has not been obtained anhydrous. It crystallises 
from water in small opaque prisms. The dichloride crystallised 
from water is known as “ tin-salt.^’ On evaporation of its solution, 
a portion reacts with water, forming oxychloride and hydrogen 
chloride. The excess of water evaporates along with the hydrogen 
chloride. On raising the temperature the undecomposed stannous 
chloride distils over, leaving the oxychloride. It forms a white 
lustrous crystalline mass. With a large quantity of water it gives 
a precipitate of oxychloride, SllCl2.SllO.2H2O. Its solution is a 
powerful reducing agent, for it tends to take chlorine from 
hydrogen chloride or oxygen from water, liberating hydrogen, 


* Annales (4), 9, 6; 19, 334; 28, 430; 27, 416; (6), 19, 390. 
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when there is any substance present with which the hydrogen can 
combine. The dibromide is similar to the dichloride. The di-iodide 
is a dark-red mass ; its iodine is replaced by oxygen when, it is 
heated in air. 

Lead di fluoride, dichloride, and dibromide are white solids, 
sparingly soluble in boiling water and crystallising therefrom in 
long needles. The iodide is yellow and crystallises in golden- 
yellow spangles. 

From the vapour-density of stannous chloride it would appear 
that these bodies in the state of gas have, at temperatures not far 
removed above their boiling-points, the double formula, e.g., 
Sn2Cl4* ; but that, as the temperature rises, the con^plex molecule 
dissociates into two simpler ones, viz., SnCh (see N2O4, p. B 83 ). 
Lead chloride appears to dissociate before its volatilises, for its 
density corresponds to the simple formula PbCL-t 

Physical Properties. 

Mass of 1 c.c, liquid. Melting-point. Boiling-point. 

Totra^- r~~~ " — ^ ^ — . ,, —a— , ■, ^ _ — -/ • — ^ 

halides. F. Cl. Br. I. F. Cl. Br. I. F. Cl. Br. I. 

Silicon. ... ? 1-524 2-823 ? ? -12° ? ? 5 7 '6° 153° ? 

at 0° at 0° 

aermanium. ? 1-887 ? ? ? ? ? 144° ? 86° ? 350- 

at 18° 400° 

Tin ? 2-370 ? 4-606 ? ? 30° 146° ? 114‘» 201° 295° 

at 0° at 11° 

Hexahalides : — SioClg, ep. gr. 1*58 at 0° j m.-p. —1°; b.-p. 146 — 148°. 
SiaBrg, b.-p. about 240°. S 12 I 6 , m.-p. about 250°, with decomposition. 

Dihalides Sp. gr. : SnCL ?• finBr^, 5117 at 17°. SnL ?. 

M.-p.: „ 249 3°. „ 215'5° „ 316°. 

B.-p. : „ 601°. „ 620° „ ? 

Sp. gr. : FbF3,~8-24 at 2° ; PbClj, 5 80 at 15° ; PbBrg, 6 60 at 7 5° j Pblg, 6 06 
at ?. 

M.-p. : PbCJa, 498°; PbBrg, 499°; PbTj, 383°. 

B.-p.: PbClg, 90(r; PbBrj, above 861°; Pblj, 861— 954°. 

♦ Zeitschr. phys. Chem.y 2, 184. The author differs entirely from the con- 
cluding words of this memoir regarding the non-existence of Sn 2 Cl 4 in the state 
of gas. 

f 'jBrit. Assn., 1887, 668. 

t Volatilises without melting. This behaviour is explained as follows : — The 
boiling-point of a liquid is dependent on the pressure. By lowering the pressure, 
the boiling-point is lowered, whereas the melting-point is almost unaffected by 
small alteration of pressure. It is evident that by a sufficient reduction of 
pressure the boiling-point may be lowered till it occurs at a temperature below 
the melting-point. Such bodies as silicon fluoride, hexachlore thane, CjClg, and 
many others are in this condition under ordinary atmospheric pressure. By in- 
creasing the pressure, so as to raise their boiling-points, they can be melted. 
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Heats of formation : — 

Sn + CU - SnClj + 808 K ; + Aq = 811 K. 

. Sn +2(7^2= SnOl4 + 1273 Kj + Aq = 299 K. 

The last number implies decomposition when solution takes place — 

Pb + Cl^ = PbCla + 828 K; + Aq = -68K. 

Pb + Br2= PbBr2 4 - 645 K ; + Aq = - 100 K(?), 

Pb + I2 = Pbla + 398 K:; + Aq = - 160 K(?). 

Double halides. — Silicon, like carbon, forms double halides, 
of which the molecular weights have been determined in many 
cases. For example, by the action of bromine on the compound 
SiHCh, named silicon chloroform (see p. 501), three chloro- 
bromides have been obtained : one has the formula SiCljBr, the 
second, SiCl 2 Br 2 , and the third, SiClBia.* They are all liquids : 
the first boiling at 80°, the second at about 100”, and the third at 
140 — 141®. There appear to be similar chlorobromides of tin, 
which, however, are not stable in the gaseous state. 

The tetrahalides form numerous double salts. Those of silicon tetrafluoride 
have been most carefully studied ; they are named silicifluorides. Germani- 
fluorides and stannifluorides have also been prepared. The following is a list 
the more important ones : — 

SiF4.2HF.Aq; SiP4.2KF; Sir4.BaP2; &c. 

Ger4.2KP. 

SnF4.2KF; SnF4.BaF2. 

SnCl4.2HCl; SnCl4.2KCl, SnCl4.2CaCl2; SnCl4.BaCl2. SnOl4.2NH4Cl. 

SnBr4.2HBr; SiiBr4.2NaBr ; SnBr4.MfirBr2, and otliors. 

PbC]4.2HCl.Aq(?); PbCl4.9NaCl; PbCl4.1GCaCh. 

The compound SnCl4 2NH4CI is known as “ pink salt,” being used as a 
means of fixing pink dyes. 

These compounds are mostly prepared by direct addition ; but those of 
silicon may also be produced by the actum of 81F4 2llF.Aq on the oxides, 
hydroxidesi or carbonates of the metals. When silicon fluoride is passed into 
winter the following reaction takes place (see Boro fluorides, p. 132 ) — 
^SiF^ -4- 3H2O + Aq = H^SiOs + 2H2SiF6.Aq. The gelatinous precipitate 
formed when silicon tetrafluoride is passed through water consists of silicic 
acid, £[28103 ; the aqueous solution contains the body H2SiFe, bydrosilicifluoric 
acid ; its formula is deduced from that of its salts, as it decomposes on evapora- 
tion into hydrofluoric acid and silicon fluoride, a portion of which reacts with 
the water to form more silicic acid. 

The more important compounds of this acid are potassium silloifluorlde, 
K2SiF5, which is one of the few sparingly soluble salts of potassium ; it is used 
as a source of silicon (see p. 60 ) ; and the barium salt, which is insoluble in 
water, the corresponding s^ts of strontium and calcium being soluble. This is 
utilised as a method of separating barium from these metals. 


♦ Chem. Soc.f 61, 590. 
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Ceesium stannichloride, SnCl 42 C 8 Cl, being nearly insoluble in water, may 
be separated as such from the corresponding compounds of sodium, potassium, 
and rubidium. 

All these double salts crystallise in the same form, and are therefore termed 
iaomoT'phous. 

Many double halides are known of the dihalldes of tin and lead. None have 
been gasified ; hence their molecular weights are unknown ; the simpler formulae 
are therefore giy 6 n as a rule. 

Compounds oontainln? two different halogens : — 

SnOlI; PbPCl; PbClBr; PbBrl. 

2Pb01..PbIij 3 PbBr 2 .Pbl 3 ; GPbBr^.Pbl^ 

Compounds with the halides of other elements : — 

• 

2 : l.—SnCla.HCl ; SnChKCl; SnBro.KBr ; SnBr 2 .NH 4 Br; Snlg.KI*; 

SnI,.NH4l; Pbla.KI. 

2 : 2.— SnCl 3 . 2 E:Cl; SnCl^.BaCl^; SnBr 2 . 2 XH 4 Br ; Snl 2 . 2 E:i; 

Pbl3.2HI; Pbl2.2KI; Pbl2.2NH4Cl. 

Many more complex ratios have also been noticed among the lead 
halides, e.g . 2 : 3, PbIo. 8 NH 4 Cl ; 2 : 4, Pbl 2 . 4 KI ; 2 : 6, PbBr 2 . 6 NH 4 Br ; 
2:7, PbBr 2 . 7 NH 4 Brj 2:9, PbCl 2 . 9 NH 4 Cl ; 2 : 10 , PbCl 2 . 10 NH 4 Cl, and 
others still more complex. These last bodies possess the qualifications usually 
attributed to definite chemical compounds, viz., definite crystalline form, 
coupled with constant composition. 

The formulse of these halides of the carbon and silicon groups 
have been determined : — 

1. Prom the vapour-densities of many of the compounds, 

and from the analogy of those of which the vaponr-densities have 
not been determined with those in which that constant is known. 

2. By the method of replacement. — It is argued, for instance, 
that the formula of the compound CClsBr implies the existence of 
four atoms of chlorine in the compound CCI4, inasmuch as one- 
fourth of the total amount of chlorine it contains has been replaced 
by bromine. In this case, and in that of the similar silicon com- 
pounds, SiClsBr, SiCl 2 Br 2 , and SiClBrs, this view is confirmed by 
the vapour-densities of the bodies. But there is no means of 
ascertaining whether such a body as SnClI possesses that formula 
or the formula SnCls.Snl*, for it has never been gasified. Indeed, 
judging from the vapour-density of Sn 2 Cl 4 , the latter formula 
would appear the more probable ; and no simpler formula than 
2PbOl2Pbl2 is possible in the case of the tetrachlorodiiodide of 
lead. 

8. The atomic heats of carbon and silicon present special 
anomalies. It has been shown by Weber,* however, that, like 

• Poaa, Asn.. 164. 867. 
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those of beryllium and boron, they approach constancy at high 
temperatures, and become approximately normal. They are as 
follo\«s : — 


T. 

-50°. 

-10°. 

+ 10°. 

83°. 

58°. 

86°. 

C. Diamond. Sp. ht. 

0‘0636 

0 *0955 

0-1128 

0-1318 

0-1532 

0-1766 

Graphite. „ 

0-1138 

0-1437 

0-1604 

— 

0-1990 

— 

T. 

140°. 

206°. 

247°. 

600°. 

800°. 

1000°. 

C. Diamond. Sp. ht. 

0-2218 

0-2733 

0-3026 

0-4408 

0*4489 

0*4689 

Graphite. „ 

0*2542 

0-2966 

— 

0-4431 

0 -4529 

0*4670 

T. -40®. 

+ 22°. 

57°. 

86°. 

129°. 

184°. 

232°. 

Si. Sp. ht. 0 *1360 

0 *1697 

0-1833 

0-1901 

0-1964 

0 -2011 

0 -2029 


The atomic weights of carbon and silicon have been deduced 
from their atomic heats at 1000° and 232° respectively, which are, 
for carbon, 5‘608, and for silicon, 5*671. 

A few words must be added as to the views which are held re- 
garding the nature of the atomic combination in the compounds 
C 2 CI 6 , Si 2 Cl 6 , C2CI4, Sn2Cl4, and analogous bodies. These views are 
based on the behaviour of the compound of carbon and hydrogen 
named ethane, 02 ^/ 6 , which is analogous to C 2 CI 6 , and which, 
indeed, can be converted into the latter by the continuous action 
of chlorine, whereby all the hydrogen atoms are successively re- 
placed by an equal number of atoms of the halogen. The compound 
CH3I, named iodomethane, when acted on by sodium, loses its 
iodine, sodium iodide being produced. But the vapour-density of 
the resulting gas shows it to possess not the formula CH3, but the 
double formula GH^ — 0^3, or ftife- This is also borne out by the 
fact that the hydrogen in ethane, C 2 H 6 , may be replaced by 
chlorine in sixths, giving C 2 S(,Gl, monochlorethane, C 2 H 4 CI 2 , 
dichlorethane, &c. 

It is aygued that the group CH 3 may be regarded as replacing 
an atom of chlorine in CH 3 CI, or of iodine in CHal, and that the 
compounds CII3CI and CH3 — CH3 are in that sense analogous. 
Hence the formula of CuCle may be written CCI3 — CCI3 ; and of 
SiaClfl, SiCla — SiCla. And by similar reasoning it is argued that 
the compound C2CI4 may be regarded as composed of two separate 
portions, viz., CCI 2 ZZCCI 2 , the two horizontal lines expressing the 
hypothesis that the group CCla replaces two atoms of chlorine in 
the compound CCI4. And the vapour- density of these compounds 
C2CI6 and C3CI4, and of their hydrogen analogues, and C2H4, 
even at the highest temperatures to which they can be submitted 
without decomposition, shows that they still possess the formulae 
given. On the other hand, there can be no doubt that stannous 
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chloride, Sn^Cli^ at a siiflBciently high temperature, has a vapour- 
density corresponding to the simpler formula The conclu- 

sion appears, tlierefore, to follow, that, if it were possible to subject 
G2GU to a suflSciently high temperature without inducing decom- 
position, it, too, would possess the formula GGk, ShGk^ when 
heated, splits into SiGk and 8 iGk; it is, therefore, extremely 
improbable that any member of this group, at any tom[)erature, 
will be found to have the formula MX3, for more stable forms of 
union exist. But, in the chromium group, chlorides of both 
the general formula? MCI3 and MCljare known ; and these appear 
capable of existence in the two molecular states, MGk and MGk, and 
M'iGk and iUCky respectively ; it will be rcmembei^d that, in the 
chromium group, chlorides of the general formula MCI4 are ex- 
ceedingly unstable, the only representative definitely known being 
Mnlh, and that only in aqueous solution. Hence the stability of 
compounds with the simpler molecular form 
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HALIDES OF NITROGEN, VANADIUM, NIOBIUM, AND TANTALUM; OF PHOS- 
PHORUS, ARSENIC, ANTIMONY, AND BISMUTH ; OF MOLYBDENUM, 
TUNGSTEN, AND URANIUM; OF SULPHUR, SELENIUM, AND TELLU- 
RIUM. — DOUBLE HALIDES OF THESE ELEMENTS. — PROOFS OF THEIR 
MOLECULAR FORMUL;^]. 


Halides of Nitrogen, Vanadium, Niobium, Tan- 
talum (Neodymium, see p. 605). 

Again it is to be noticed that the compounds of nitrogen, the 
first element of this group, differ considerably from those of the 
other members. While the halogen compounds of nitrogen are 
exceedingly explosive, those of the other elements are stable, 
though decomposed by water. For these reasons none of them are 
found in nature. The following table shows the compounds 
known : — 


Fluorine. 

Nitrogen ... — 

Vanadium.. VF4?* 
Niobium.... NbF5 * 
Tantalum . . TaFj.* 


Chlorine. 

NCI3. 

VCI2; VCI3; VCI4. 
NbCla; NbClj. 
TaCl,. 


Bromine. Iodine. 
NBr;,? NI3. 

VBr,. VI4?* 

NbBrg. — 

TaBr^. — 


The iodides of niobium and tantalum, though probably capable of existence, 
have not b^en prepared. 


Preparation.— 1. By direct union.— Nitrogen will not com- 
bine directly with the halogens. Vanadium tetrachloride and tri- 
bromide are prepared by passing the vapour of the halogen over 
the heated element; and tantalum pentachloride has also been thus 
obtained. 

2. By the action of the halogen on a red-hot mixture of 
the oxide with charcoal. — This is the method of preparation of 
niobium and of tantalum pentachloride and pentabroraide. Vana- 
dium oxytrichloride, VOCI3 (see p. 332), when passed over red-hot 
charcoal along with chlorine, also yields the trichloride. 

♦ Known only in solution. 
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3. By heating a higher halide. — Vanadium tetrachloride 
by distillation alone splits up into chlorine and the trichloride ; along 
with hydrogen, the dichloride is formed ; and niobium pent^chlo^ 
ride, passed through a red-hot tube, yields the trichloride and 
chlorine. 

4. By the action of the halogen on a compound of the 
element. — Ammonia (hydrogen nitride, NH 3 ) on treatment with 
excess of chlorine, bromine, orjiodine, yields exceedingly explosive 
bodies. The method of preparation is as follows : — 

A flat leaden dish, in which a smaller thick dish is placed, is filled with a 
strong solution of ammonium chloride. A small jar, of about 200 cubic centi- 
metres capacity, provided with a neck, is placed in the soltftion, standing on 
the smaller leaden dish. The neck is closed with a cork, through which a 
tube passes, which is connected with an apparatus for generating chlorine by 
means of a short piece of india-rubber tubing, on which a clip is placed. The 
solution of ammonium chloride is drawn up into the jar by suction, and when 
the jar is full the clip is closed. The chlorine apparatus is then connected, 
and by opening the clip the jar is quickly filled with chlorine. The chlorine is 
absorbed by the solution, while oily drops collect on the surface, and sink, col- 
lecting in the leaden dish. Air is then admitted by disconnecting the chlorine 
apparatus and opening the clip, and the jar is removed. These drops, when 
touched with an oiled feather tied to the end of a long stick, explode with the 
greatest violence, shooting a column of water into the air and flattening the 
leaden vessel. 

Recent analysis’*^ bas shown that the hydrogen of the ammonia 
is replaced by stages, exactly as in the case of the hydrogen of 
methane, (see p. 145). By passing chlorine for half an hour 
into water in which these drops are suspended, the trichloride is 
finally formed. The equations are these : — 

]SrH 4 Cl.Aq + Ch = 2HCl.Aq -f NH^Cl. 

NH^Cl.Aq -f 2CZ, = SHCl.Aq + NHCh. 

NHCh + Aq -f Ck = HCl.Aq -h NCI 3 . 

The corresponding bromine compounds have been little investi- 
gated, but are made by treating ammonia with excess of bromine. 
Aqueous ammonia reacts with iodine dissolved in alcohol giving 
NI 3 ; but with a weaker solution of ammonia NHI 2 is produced. 

The action of chlorine or bromine on vanadium nitride, VN, 
at a red heat gives the trichloride or dibromide, and nitrogen. 

The oxygen in niobium oxytrichloride, NbOCh, is replaced by 
chlorine when its vapour mixed with chlorine is passed through a 
red-hot tube. 

5. By double decomposition. Action of the hydrogen 
halide on the oxide of the element.— Vanadium tetroxide dis- 


• BericUe, 21, 751. 
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solves in hydrofluoric acid, yielding a blue solution, which on evapora- 
tion deposits green crystals. This oxide is also soluble in the other 
haloid acids, giving similar solutions. The pentoxide, when boiled 
with hydrochloric acid, yields chlorine. Tantalum pentoxide, if 
hydrated, likewise dissolves in hydrofluoric acid, and the solution 
on evaporation is said to evolve the fluoride, leaving a residue of 
oxyfluoride. Niobium pentoxide is also soluble in hydrofluoric 
acid. 

Properties, — The halides of nitrogen are exceedingly explo- 
sive, and the preparation of more than a drop or two of the chloride 
and bromide is attended by great danger. They are oily yellow 
liquids, insol vble in water, which slowly decompose when left in 
contact with water or solution of ammonia. The iodide is a brown- 
ish black powder, of which it is also advisable to prepare only a 
few decigrams at a time. They explode on contact with an oiled 
feather, or indeed by the slightest impact, and often without any 
apparent cause. The pure chloride has been heated to 90° without 
decomposition, but at 95° a violent explosion occurred. 

Vanadium dichloride forms apple-green crystalline plates. The 
element may be obtained from it by heating it to redness in a 
current of very carefully dried hydrogen. Vanadium trichloride 
closely resembles chromium trichloride in appearance. When 
heated in air, its chlorine is replaced by oxygen, and the pentoxide 
is formed by further absorption of oxygen. The tribromide is a 
greyish-black amorphous mass ; it is very unstable. The tetra- 
chloride is a reddish-brown volatile liquid, soluble in water with a 
jlue colour. 

Niobium and tantalum pentafluorides form colourless solutions. 
Niobium trichloride closely resembles iodine in appearance ; it is 
unaffected by water. Niobium and tantalum pentachlorides form 
yellow volatile crystals j the bromides are similar in appearance, 
but of a darker colour. 


Physical Properties, 


Dichloride. Vanadium . • 
Trichlorides. Nitrogen ... 

V anadium . . 
Niobium.. 

Tetrachloride. Vanadium . . 
Pentachlorides. Niobium . . . 

Tantalum .. 


Mass of 1 c.c. 
3*23 C.C. at 18° 

1 >» ft 

3'00 „ „ 


? 

1*858 at 0°. 
? 

? 


Melting-point. Boiling-point. 


Decomposes. 

P 

Below -18*. 
194° 
211 ° 


Above 90°. 
Decomposes. 
? 

154*. 

240*5°. 

242°. 


The properties of the other halides have not been determined. > 
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Double halides. — Although double halides of the oxyfluorides of vanadium, 
niobium, and tantalum have been studied (see p. 336 ), the tantalifluorides are 
the only compounds of any of the halides of this group with the halides of other 
elements. They have all the general formula TaF5.2MF. They are pnpduced 
by, direct union of the respective fluorides in aqueous solution, and crystallise 
^ell. They are soluble in water. The following have been prepared : — 

TaF5.2NH4Fj TaF5.2KF- TaF5.2NaF; TaFg.CuFjj and TaFg.ZnFg. 

Halides of Phosphorus, Arsenic, Antimony, 
(Erbium), and Bismuth. 

Sources. — None of these compounds are found in nature. 

The halogen compounds known are given in •‘the following 
table : — 



Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

Phosphorus . . 


PClji PClj. 

PBra; PBrg. 

B 2 I 4 ; BI,. 

Arsenic 

AsFg. 

A8C13. 

AsBrs. 

AS9I4 ; Asl-). 

Antimony. . . . 

SbFa; SbFj. 

SbClg; SbClg. 

SbBra* 

Sbla. 

(Erbium) .... 

ErFg.* 

ErCls * 

ErBra.* 


Bismuth .... 

BIF3. 

Bi 2 Cl 4 ; BiClg. 

Bi^Brs; BiBr 

j. Bila. 


Preparation. — 1. By direct union. — All these bodies are 
best prepared thus, except the fluorine compounds ; phosphorus, 
arsenic, and antimony take fire spontaneously in fluorine and chlo- 
rine gases, and all combine with the halogens with great evolution 
of heat. With excess of halogen, the higher halide is formed 
where they exist; with excess of the other element,’ the lower 
halides. 

As examples of this method of formation, the following types may be 
chosen : — 

(a.) A retort is half filled with dry sand, and on it are placed a few pieces of 
phosphorus. Dry chlorine is led into the retort, so as to impinge on the phos- 



Fig. 28 . 


* Known only in aqueous solution. 



PHOSPHORUS, ARSENIC, ANTIMONY, AND BISMUTH. 161 


phorus frorh the generating flask. The phosphorus burns with a greenish flame, 
and the liquid chloride distils over, and may be condensed in the receiver. It is 
purified by distillation. 

(bjf A little powdered antimony is thrown into a jar of dry chlorine. It 
burns with scintillation, and on standing, the fumes condense to crystals of the 
pentachloride. 

(c.) A mixture is made of I volume of bromine and 3 volumes of carbon disul- 
phide and placed in a flask. Pow'dered antimony is added in small quantities 
at a time, and the flask is warmed gently with continuous shaking over a water- 
bath, taking care to have no flame near, for fear the disulphide vapour should 
inflame It is then allowed to cool, when the tribromide separates in crystals. 

2. By heating a higher halide. — Phosphorus and antimony 
pentachloridea yield the trichloride when heated ; phosphorus 
pentabromide behaves similarly. Phosphorus pentafluoride, on 
the other hand, is stable, showing no decomposition, even at the 
high temperature of the electric spark. The decomposition of phos- 
phorus pentachloride may be well seen by heating it in a flask ; 
its vapour has a greenish-yellow colour, due to the presence of free 
chlorine. Phosphorus tri-iodide gives off iodine when heated. 

8. By heating a lower halide. — Bismuth dichloride at 
330®, and the dibromide at a temperature not much above that of 
the atmosphere decompose into bismuth and the trihalide. 

4. By the action of the halogen on a compound of the 
element. — This method is not generally employed ; yet hydrogen 
phosphide, arsenide, and antimonide are at once acted on by 
chlorine or bromine, yielding hydrogen halide, and the halide of 
the element. It is certain that all other compounds, except per- 
haps the oxides, would behave similarly. 

5. By double decomposition. —(a.) The action of the 
hydrogen halide on the oxide or sulphide of the element. 
— The oxides of phosphorus are not attacked. But the oxides and 
sulphides^of the other elements yield the respective halides, either 
when heated in a cuiTent of the hydrogen halide, or when treated 
with a halogen acid. In presence of a great excess of water, 
the halides are decomposed ; hence the acids must not be too 
dilute. 

Arsenious fluoride is prepared by heating together ai*senious 
oxide, ASiOfi, fluorspar, CaF 2 , .and sulphuric acid, H 2 SO 4 .* The 
hydrogen fluoride liberated by the action of the sulphuric acid on 
the calcium fluoride (see p. 108) attacks the arsenious oxide, pro- 
ducing arsenious fluoride and water, which combines with the 
excess of sulphuric acid, thus : — 

AS2O3 + 6HF -f 3H2SO4 = 3(H2S04.H20) 4- 2A8Fs, 

Comptes rend.f 99, 874. 


M 
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The chloride may be similarly prepared from sulphuric acid, 
sodium chloride, and arsenious oxide. Ifc may also be obtained by 
distilling arsenic with mercuric chloride, thus : — 

2As + SHgCla = 2A8Ch + 3Hg. 

(5.) Phosphorus trichloride or peiitachloride reacts with arsenic 
trifluoride, yielding the trifluoride* or pentafluoridef of phos- 
phorus, thus : — 

PCI3 -f AsFa = PP3 + AsCla; 

and 8PCI5 -f SAsFa = SPPs -f oAsCls. 

Properties. — The pentafluorides of phosphorus and arsenic are 
gases at the ordinary temperature ; the trichloride find tribromide 
of phosphorus, the trifluoride and trichloride of arsenic, and the 
pentachloride of antimony are colourless liquids, fuming in air, 
owing to their reacting with the water-vapour which it contains ; 
the remaining trifluorides, chlorides, and bromides are colourless 
crystalline solids. Phosphorus di-iodide forms orange-coloured, 
and tri-iodide, red, crystals. Arsenic di-iodide, produced by 
melting arsenic with iodine in theoretical proportion, forms a dark 
cherry-red mass, which crystallises from carbon disulphide in 
prisma, and which decomposes into arsenic and the tri-iodide on 
addition of water. The tri-iodide forms red tablets. Antimony 
tri-iodide exists in three forms : when crystallised from carbon di- 
sulphide, it forms red hexagonal crystals; when sublimed below 
114°, yellow trimetric crystals; and from its solution in carbon 
disulphide exposed to sunlight, in monoclinic crystals. The last 
variety is converted into the hexagonal modification at 125'^. 
Bismuth tri-iodide forms a greyish mass with metallic lustre. 

Phosphorus pentachloride and pentabromide are yellowish 
crystalline solids ; antimony pentachloride is a colourless fuming 
liquid. These three substances dissociate when heated into the 
trihalides and two atoms of the halide; hence, their vapour- 
densities do not correspond to their formulae. In excess of tri- 
chloride, however, the decomposition of phosphorus pentachloride is 
prevented, and it volatilises as Bismuth dichloride, on the 

other hand, decomposes into bismuth and the trichloiide when 
heated, thus : — 

3Bi2Cl4 = 4BiCl3 + 2Bi. 

These substances are all, with the exception of bismuth tri- 
fluoride, deliquescent, attracting water, and reacting with it to 

* Comptea rend., 99, 655 ; 100, 272. 
t Proc. lEioy. Spc., 25, 122; Comptea rend., 101, 1496. 
t Comptea rend.f 76, 601. . 
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form oxyhalides or hydroxides (acids). They are all soluble in 
carbon disulphide, benzene, &c. The erbium halides form colour- 
less solutions. 


Physical Properties. Trihalides. 

Mass of 1 c c. solid 




or liquid. 

. A _ 


Melting-point. 




Cl. Br. I. 

( 

F. 

Cl. 

Br. 

I. 

Phosphorus . 

? 

1-613 2 -923 ? 

? 

? 

? 

55^ 

Arsenic .... 

2-66 

atO° atO° 

2 205 3 -66 4-39 

? 

-18° 

20-25° 

146= 

Antimony . . 

at 0° 

? 

at 0° at 15° at 13° 
3-064 4-148 4 85* 

202° 

73-2° 

90° 

167 

Bismuth . . . 

5-32 

at 26° at 23° at 24° 
4-56 5-4 5-64 

p 

227° 

200° 

t 


at 20° at 11° at 20° at 20° 

Boilmg-point. 


F. Cl. Br. I. 

Phosphorus .. — 76-0° 172-9° ? 

Arsenic 60*4° 130-2° 220° 394-414° 

Antimony,... ? 223*5° 275*4° 401° 

Bismuth*' ? 427-439° 454^498° t 


SbCls : mass of 1 c.c. 2 ‘346 at 20°; m.-p. —6°. PCI5; m.-p. 148°, under 
increased pressure ; volatilises at 148°. 

Bi2Cl4 : m.-p. 176°. BijBr4 : m.-p. 202° (uncorr.). 


Heat of formation : — 


P + 

3CZ = PCI 3 - 1 - 

755K. 

P 

4- 

3Br = PBr 3 + 

448K. 

P + 

5CT = PCI 5 + 

1050K. 

P 

+ 

5Br = PBrg - 1 - 

591K. 

P + 

21 = PI 2 + 

99K. 

P 

+ 

31 = PI 3 + 

109K. 

As + 

3CT = AsCb + 

715K. 

As + 

3Br = AsBrs + 

449K. 

As + 

31 = ASI 3 + 

127K. 





Sb + 

Sa = SbCl3 + 

914K. 

Sb -H 

5a = SbClg + 

1049K. 

Bi + 

3 Ci = B1CI3 -r 

906K. 






The vapour-densities of phosphorus tri- and penta- fluorides, tri- 
and penta-chlorides, tribromide, and tri-iodide have been deter- 
mined ; also those of the trihalides of arsenic and of antimony 
and bismuth trichlorides ; their molecular weights are represented 
by the formulae given. Dipbosphorus tctriodide has a vapour- 
density corresponding to the formula P2I4; moreover, the 
analogous compounds of bismuth easily decompose into the tri- 
halide and metal ; hence, the more complex formulee have been 
chosen, although the choice is not justified by any absolute proof 
in the case of bismuth. 

* Hexagonal ; monoclinic : 4 *77 at 22°. 
f Decomposed. 
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Double balides. — 1 . Compounds containing* two halogens.— These are 
known only in the case of phosphorus. They are, for the most part, made by 
adding the halogen to the halide dissolved in carbon disulphide, and crystal- 
lising from that solvent. Their molecular weights are unknown. 

They are/ as follows : — * 


PFgBrs. PCI5ICI. PCLBr;. PClaBr^. 

PClsBrj. PCljBr4. 

PCl4Br. PClsBrs, 


The following compounds with the halides of other elements are 
known : — 


PCls.SbClfi. PCl^.SHgCL. 
PCI5.UCI5. 


ASF5.2XF. 

SbCls.SCL. dbCls.SHCl.lOHoO. 
SbCl5.SeCl4. 


Antimony. SbF^ KF. SbP3.2KF. SbFg.SNaF. 2Sbl3.8KI. 

2SbCl3.HCl.2H2O. Sbla.KI, SbCl,.2NH4Cl. SbClg.SKCl. 

Sbl3.NH4l. SbClg BaClj. SbClg.SKBr.f 

Sbla.Balo. SbBrs.SKCl t 

Bismuth.... 2BiCl3.NH4Cl. Bil3.HI. BiCl3.2NaCl. BiCl3.3NH4Cl. 

BiCl3.4NH4Cl. 

2Bil3.3NaI. BiF3.HF. Bilg.Balg. BiF3.3HF. 
2BiCl3.HCl.3H2O. BilgKI. BiCl3.2KBr. 


Phosphorus 


.PCI3 FeClg. 
I PCI5.AICI3. 


pentahalides I PClg.CrCls. 

LPCI5.ASCI3. 


Arsenic pentahalides . . 

SbFg.NaF. 
SbFfi.KF. 


Antimony 

pentahalides 


PCl6.SnCl4. 
PCl5.SeCl4. 
PCI5.WCI4. 
PCI5.M0CI4. 
. . AsFfi.KF. 
SbF6.2KF. 
SbF5.2NH4F. 


L SbFg NH4F. 
Trihalides. Phosphorus. PCI3 AuCL 


These are some of the compounds known. It will be noticed that the ratios 
of the number of atoms of halogen in the two components vary between 6 : 1 
and 3 : 4 . All these substances react with water, producing oiyhalides 
(see p. 385 ). 


Halides of Molybdenum, Tungsten, and Uranium. 

These bodies present some analogy with the halides of chro- 
mium, which, indeed, in the periodic table, falls in this group. 
Sources. — None of these halides occurs native. 

The following is a list of the known compounds : — 

Fluorine. Chlorine. 

Molybdenum MoFsjt MoF4;J MoFg. MoCla; M0CI3; M0CI4; M0CI5 — 
Tungsten ..WFjt — WFg. WCljj ~ WCI4 WOl^; WClg 
Uranium.... — XTF4 — — XJCI3; TJC^; UOI5 — 

* Chem, 800.. 49 , 816 . 

t These bodies are identical, although prepared by direct addition. 

X Known only in solution. 
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Molybdenum... MoBr2; MoBrg; MoBr4 — M0I2;* M0I4.* 


Tungsten WBr^ — WBr4 ; WBrg. WI2. 

Uranium — — UBr4 — UI2. 


Preparation. — 1. By direct union. — It is important to avoid 
the presence of air and water-vapour, else oxylialides are 
obtained. This process yields molybdenum and uranium penta- 
chlorides, tungsten hexachloride, molybdenum tetrabromide, and 
tungsten pentabromide, all of which are volatile. 

2. By the action of the halogen on a mixture of the 
oxide and charcoal. — By this means, molybdenum tribromide 
and uranium pentachloride have been prepared ; it is doubtless 
adapted for the production of auy of the higher halides. 

3. By heating the higher halides. — Molybdenum tri- and 
tetra-bromides, when distilled, undergo decomposition into bromine 
and the dibromide, MoBr^. Tungsten hexachloride, between 360° 
and 440°, dissociates into pentachloride and free chlorine. In 
other cases, the distillation of a halide yields a mixture of two 
halides ; for example, molybdenum trichloride, sublimed in dry 
carbon dioxide, splits into the di- and tetra-chlorides, thus : — 
2MoCh = MoGh + MoCh. And the tetrachloride is also unstable 
when distilled, giving tri- and penta-chlorides, 2MoCh = MoOlf, -f 
MoCU. 

4. By the action of hydrogen on the heated halide. — 

Molybdenum pentachloride yields hydrogen chloride and the tri- 
choride at 250°. Tungsten hexachloride and uranium penta- 
chloride also yield a mixture of lower chlorides when thus 
treated. 

5. By double decomposition. — The action of a halide on 
the oxide. — (a.l The fluorides are all thus prepared from the cor- 
responding oxides by the action of aqueous hydrofluoric acid. 
Solutions of many of the other halides may also be prepared thus. 

(5.) Tungsten hexachloride is produced by heating in a sealed 
tube to 200° a mixture of tungsten trioxide and phosphoric 
chloride. 

Properties. — 1. Dihalides. — Molybdenum dihalides when pre- 
pared in the dry way are insoluble in water , but when obtained 
from the oxides they form brown or purple solutions. The di- 
chloride is a sulphur-yellow powder. Tungsten dichloride is a 
loose grey powder ; the fluoride forms a yellow solution. 

2. Trihalides. — Molybdenum trichloride is a red powder like 


* Known only in solution. 
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amorphous phosphorus; the tribromide forms dark ueedles ; both 
are insoluble in water. Uranium trichloride is dark brown. 

3. Tetrahalides. — Molybdenum tetrafluoride forms a red solu- 
tion ; and uranium tetrafluoride an insoluble gj*een powder. 
Molybdenum tetrachloride is a volatile brown substance ; that of 
tungsten a greyish- brown crystalline powder; while uranium 
tetrachloride forms magnificent dark green octohedra, and yields 
a red vapour. The tetrabroraides form brown or black crystals. 
These compounds are deliquescent, and soluble in water. 

4. Pentahalides. — Molybdenum pentachloride is a black sub- 
stance yielding a brown-red vapour; those of tungsten and 
uranium consivst of black needles. 

5. Hexahalide. — Tungsten hexachloride volatilises in bluish - 
black needles, resembling iodine. 

Many of these compounds require further investigation. As 
has been seen, they are very numerous, and their reactions have 
by no means been exhaustively studied. 

Physical Properties. 

The mass of 1 cubic centimetre has not been determined for any one of these 
halides. Tlie following melting- and boiling-points and vapour-densities have 
been determined : — 

M 0 CI 5 . M.-p , 194° ; b.-p., 268° ; vap.-dens. at 350°, 13G*0 to 1 37 9. Calc. 136'5. 
WCI 5 . M.-p., 248° ; b -p , 275 6 ° ; vap -dens, at 360°, 182 8 . Calc. 180 65. 
WClfi. M,-p., 275° b.p., ? ; vap -dens, at 3(50°, 190 9. Calc. 208 65. 

UCI 5 dissociates when its vapour, mixed with carbon dioxide, is heated. 

Dissociation begina at 120® and is complete at 235°. 

The heats of combination are undetermined. 

Double Halides. — Tliese again have been very little studied Rome com- 
pounds of molybdenum containing two halogens arc known, e/; , 2MoClj MoBr^, 
2MoBr2 M 0 I 2 , &c., and one compound of the formula 2MoCL MoBrj.KBr ; a 
compound of the tetrachloride has also been prepared, viz , 3 MoCl 4 . 2 KCl. No 
similar compounds of tungsten have been prepared, and only one of uranium, 
viz., XJF 4 .KP. These bodies much require investigation. 

The atomic weights of these elements have been determined 
from the equivalents, and by the vapour-densities given above. 

Halides of Oxygen, Sulphur, Selenium, and 
Tellurium. 

The halides of oxygen are best considered as oxides of the 
1 ^gens, q. v. (p. 459). Those of the three other elements form a 
we marked group. None of them occurs in nature. They are as 
follows : — 
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Fluorine. Chlorine. Bromine. lorHne. 

Sulphur.... ? S2CI2 ; SCI2 ; SCI4. ? S2I2? 

Selenium... ? Se^Cla ; SeCl^. SegBra ; SoBr^. P 

TeljUiriiim . . ? TeClg ; TeCl^. TeBrj j TeBr^. Telo; Tel,? 

Preparation. — 1. By direct union. —This is the general 
method of preparing these bodies. Sulphur is said to burn in 
fluorine. When chlorine is led over sulphur contained in a retort 
it grows warm, and disulphur dichloride is formed ; by keeping 
sulphur in excess it is the only product. Diselenium dichloride is 
similarly produced, and may be obtained fairly pure by distillation 
in presence of selenium. But it dissociates to some extent daring 
distillation, with formation of tetrachloride and free selenium. 
Sulphur dichloride, produced by saturating S^Ch with chlorine, is 
stable up to nearly 20°, but above that temperature dissociation 
proceeds rapidly, so that at 120° it has nearly all decomposed into 
the compound S 2 CI 2 and chlorine. The tetrachloride is still 
more unstable; at — 22° it can exist, but at +6° it has wholly 
split up into dichloride and chlorine. It will be remembered that 
it forms a double chloride with antimony trichloride, which 
crystallises and has a definite composition, 2SbCl3.3SCl4. 

Selenium tetrachloride is freed from accompanying dichloride 
by washing it with carbon disulphide, in which it is sparingly 
soluble. It may be volatilised without decomposition. 

Sulphur and bromine mix in all proportions with evolution of 
heat, but no definite compound has been isolated. It is not im- 
probable that the resulting liquid is a mixture of the compounds 
SjB ^2 Q'l^d SBr 4 wdth excess of uncombined sulphur and bromine. 

Sulphur and iodine, and selenium and iodine, mix in all propor- 
tions when melted together, but no products of definite composition 
liavc been isolated. Tellurium di-iodide is similarly prepared ; the 
excess of iodine is volatilised away by gentle heat. 

2. By double decomposition. — Sulphur and selenium 
fluorides are said to have been prepared by distilling a mixture of 
dry lead fluoride and sulphur or selenium. They have not been 
analysed. Tellurium dioxide dissolves in hydrofluoric acid, but no 
definite compound has been isolated. With hydriodic acid tellu- 
rium yields the tetriodide as a soft black powder. 

Properties. — The chlorides of sulphur are yellow-brown oily 
liquids decomposed by water with separation of sulphur, thus : — 

2S2CI2 + 2H2O -h Aq = HoSO^.Aq + 4 HCLAq -f 3 S. 

2SCI2 + 2H2O + Aq = H2S03.Aq + 4 HCl.Aq + S. 

SCI4 + 2H2O + Aq = H2SOa.Aq + 4 flCl.Aq. 
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Diselenium dichloride and dibromide are dark-brown liquids, 
which, when vaporised, dissociate partially into free selenium and 
tetrahalide. The tetrachloride and tetrabromide form yellow 
crystals. Tellurium dichloride is a black amorphous solid, melt- 
ing to a black liquid, and giving a yellow vapour. The di- 
bromide forms black needles, and the diiodide black flocks. 
The tetrachloride is a yellow crystalline mass, melting to a 
yellow liquid ; it is volatile without decomposition. The tetra- 
bromide sublimes in pale-yellow needles, which melt to a red 
liquid. The tetraiodide is a black powder. All these bodies are 
decomposed by water. 


PhyBlcal Properties. 

The following determinations hare been made of the mass of 1 c.c. of 
these compounds : — 

S 2 CI 2 : 1*709 grams at 0 ®. Se 2 Cl 2 : 2*900 grams at 17*5° 

SaBrj: 2 628 „ at 4°. Se 2 Br 2}3 604 „ at 15°. 

The other known constants are as follows : — 

Melting and boiling points : — S 2 CI 2 : b.-p. 138° ; TeCh • ui.-p. 175^, b.-p. 324° ; 
TeT 2 : m.-p. 160° ; TeCh : m.-p. 209°, b.-p. 380°. The vapour-densities of 82012 , 
SeCh, SeClaBr, TeClj, and TeCh have been determined, and are normal, cor- 
responding to the formulae given. 

Heats of combination ; — 

2S + 2Cl = S 2 CI 2 + 143K. 

2Se + 2Cl = Se^Clj + 222K ; Se + 4C7 « SeCl 4 -f 351K, 

Te + 4,Cl « TeCl 4 + 774K. 

It is thus seen that the more stable compounds are formed with greatest 
evolution of heat. 

Double halides.- — 1. SeClBrs, SeCl 2 Br 2 ,. and SeClgBr, have been prepared 
by addition. They are yellowish powders.* 

2. By actingr with chlorine on sulphides, the following bodies have been 
obtained : — « 


SCI4.2AICI3; 3SCl4.2SbCl3 ; 2SCl4.SnCl4; and 2SCI4 TiC^. 

3. By xniziner aqueous solutions of the constituent halides, tellurium 
halides combine thus : — 

TeF4.B:F; 2TeF4.BaF2- TeCl4.2KCl; TeCl4.2AlCl3. ToBr4.2KBr; Tel4.2KT. 

These compounds form reddish crystals. Few attempts have been made to pre- 
pare’ double halides. 


* Chem, 8oc.y 46, 70. 
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CHAPTEE XITT. 

COMPOUNDS OF THE HALOGENS WITH EACH OTHER ; WITH RHODIUM, 

RUTHENIUM, AND PALLADIUM; WITH OSMIUM, IRIDIUM, AND PLATINUM; 

AND WITH COPPER, SILVER, GOLD, AND MERCURY. 

• 

Compounds of the Halogen Elements with each 

other. 

These compoiiiids have no great stability. Pluorides of chlorine 
and bromine are unknown. Iodine is said by Moissan to unite 
with fluorine when exposed to it, and to be a colourless fuming 
liquid. Chlorine and bromine mix, but yield no definite com- 
pound; similarly, iodine dissolves in bromine, but separates on 
distillation. No attempts are recorded of cooling mixtures of these 
elements, but it is highly probable that evidence of combination 
would be obtained if the experiment were made. The only com- 
pounds investigated are the chlorides of iodine. They do not 
occur in nature. They are two in number, ICl, of which two 
modifications exist, and ICI3. 

Preparation. — 1. By direct union. — Iodine heated in chlo- 
rine yields the monochloride with iodine in excess; with excess of 
chlorine, the trichloride. 

2. By displacement and subsequent combination. — This 
is accomplished by heating a mixture of iodine and potassium 
chlorate, KCIO 3 . This body decomposes thus : K 3 O.CI 2 O 5 -f- I 2 = 
K 2 O + 50 -h 2ICI. Subsidiary reactions take place, thus : — 
K 2 O.CI 2 O 5 = 2 KC 1 -f 60 ; KOI + 40 = KCIO 4 ; KI -f 30 = 

KIO3, perchlorate and iodate of potassium being simultaneously 
formed. The reaction is a violent one, and the iodine monochloride 
distils over very rapidly; hence the arrangements for condensing it 
must be complete. 

3. By double decomposition, — The trichloride is thus 
formed by treating iodine pentoxide with dry hydrogen chloride, 
thus:~-l20fi -f lOEGl = SHaO -f 2Gk 4- 2IGh. The higher 
chloride, 2 I 2 CI 6 , presumably formed for an instant, is unstable, and 
decomposes, liberating chlorine. 
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Properties. — Monochloride, ICl. The liquid product, if 
cooled to —-25°, solidifies in long dark-red needles, melting at 
27*2°. This is the a-modification. The /3-modification is sometimes 
obtained as dark-red plates, melting at 13*9°, on crystallising the 
liquid between +5° and — lO'". On cooling it below —12" it 
changes into the a form.* 

The trichloride forms yellow needles, melting under pressure 
at 101°. The monochloride is only slightly decomposed at 80 \ 
boiling with partial dissociation between 102° and 106° ; whereas 
the trichloride dissociates when gasified. 

Heats of combination . — 

I + a = ICl + 68K. 

I + C/3 = ICI3 + 215K. 

Both of these bodies react with water, forming iodic acid, IIIOi, 
hydrogen chloride, and free iodine. Among the products a yellow 
body of the formula IC1.HC1| is said to exist, soluble in ether. 


Halides of Ruthenium, Rhodium, and Palladium. 

Sources. — These substances do not occur native. 

The following compounds are known : — 

Fluorine. Chlorine. Bromine. Iodine. 

Ruthenium.. — RUCI 2 ; RuCl, (RuCb)^ — — 

Rhodium ... — — BhCl 3 — — — 

Palladium... PdFj. PdClg — PdC^. PdBr 4 . Pdlg. 

Preparation. — 1. By direct union. — The respective metals, 
heated in ehlorine, yield RuCl>, RuCl^, and RhCla. 

2. By the action of hydrogen chloride on the metal. — 
The presence of nitric acid, HNOj, is necessary to furnisji oxygen, 
with which the hydrogen of the hydrogen chloride may combine. 
By this means, PdCh is formed; with excess of nitric acid the 
product is PdCh. 

3. By heating a higher halide. — PdCli loses chlorine, 
yielding PdCL. 

4. By removing chlorine from a higher chloride. — 

A solution of BhCla, on treatment with hydrogen sulphide, yields 

RhCl2. 

6. By double decomposition. — (a.) The action of the hydro- 

* Rec. trav. chim.^ 7, 162. 
t Compt. Rend.y 84, 389. 

J Known only in combination with KCl. 
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gen halide on the hydrated oxide, in presence of water. This is 
the method of preparing PdF2 (from PdO), RuCU (from 
Ru^O^-^HgO), and RuCl4.2KCl (from Ru02.wH,0), in presence of 
KCl ; also RhCh (from RhaOsjwHaO) ; and PdBr4. 

(h.) By double decomposition. — On adding a solution of 
an iodide to that of a soluble compound of palladium, e.g.y the 
nitrate, Pd(N03)2, palladous iodide, Pdl2, is precipitated in a 
gelatinous form. 

Properties. — Ruthenium dichloride remains as a black crys- 
talline powder when chlorine is passed over ruthenium, while the 
trichloride volatilises. The trichloride, prepared in the wet 
way, is a yellgw- brown crystalline substance. On passing hydro- 
gen sulphide through its solution it is converted into ruthenious 
chloride, thus : — 2RuCl3.Aq + HoS = 2RuCl2.Aq -f 2HC1 -f S. 
The dichloride forms a blue solution. 

Rhodium trichloride, prepared in the dry way, is a reddish- 
brown insoluble body. Prepared from the hydrated oxide, it forms 
a red solution. 

Palladium difluorido, obtained by evaporating palladous 
nitrate, Pd(N0j)2, with hydrogen fluoride, forms colourless 
soluble crystals. The dichloride fuses to a black mass. The 
tetrachloride and tetrabromide ai’e said to form dark-brown 
solutions. It is probable that they are really compounds with 
hydrogen chloride and bromide, PdCl4.2HCl and PdBr4.2HBr. 
The di-iodide is a black gelatinous precipitate, drying to a black 
powder, and decomposing into its elements at 300 — 360"*. The 
only one of these compounds which finds practical application is 
palladium di-iodide, which is insoluble, the corresponding chlorides 
and bromide being soluble. It is therefore used as a means of sepa- 
rating iodine from the other halogens. The physical constants and 
moleculai; weights of these bodies are unknown. 

Double halides. — Palladium fluoride is said to form double compounds 
with fluorides of potassium, sodium, and ammonium. The following compounds 
of the other halides have been prepared : — 


PdCl2.2KCl. 


IIUCI3.2KCI. 

RhCl3.2KCl. 

BhCla.SKCl. 


IIUCI4.2KCI. 

PdCl4.2KCl. 

PdBr4.2KBr. 
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Halides of Osmium, Iridium, and Platinum. 

None of these compounds is found in nature. 

The following is a list of the known compounds : — 

Fluorine. Chlorine. Bromine. Iodine. 

Osmium... — OSCI2; OsClg; OSCI4. — — 

Indium... — IrCV; IrClg ; IrCl4. IrBrg ; IrBr4. Irig; Irl^; Irl4. 

Platinum.. PtF4 PtCla ; — PtCl4. PtBra; PtBr4. Ttl^; — Ptl4 

Preparation. — 1. By direct action of the halogen on the 

metal at a red heat, osmium dichloride, trichloride, and tetra- 
chloride, iridium trichloride, and platinum tetrafluoride and tetra- 
chloride have been prepared. The double chlorides are in many 
cases produced by the action of chlorine, at a red heat, on a mixture 
of chloride of potassium, &c., with the metal. Platinum tetra- 
bromide is formed by the action of bromine and hydrobromic acid 
on spongy platinum at 180° in a sealed tube. 

2. By the action of nitro-hydrochloric acid on the metal. 
— The action between nitric and hydrochloric acids generates free 
chlorine, thus ; — 

HNO3 -f SHCl.Aq = 2H20.Aq 4- NOCl + Ck. 

Metallic iridium and platinum dissolve in aqua regia^ as the 
mixture is called, with formation of the double compounds of 
hydrogen chloride with tetrachlorides. Platinum tetrachloride, 
PtCl4.4H20, is produced by dissolving the calculated amount of 
platinic oxide in this solution. Similarly, a mixture of nitric and 
hydrobromic acids yields the tetrabromides in solution. 

8. By heating higher halides. — Iridium trichloride and tri- 
bromide have been obtained from the tetrachloride and tetrabrom- 
ide by heat. Platinic chloride (^.e., the tetrachloride) yields the 
dichloride at 440°. There is little doubt that in every case the 
application of heat to a tetrahalide would be followed by the forma- 
tion of a lower halide ; but in many cases it appears to be difficult 
to avoid complete loss of halogen and reduction to metal, 

4. Double decomposition. — (a.) The action of a halogen 
acid on the corresponding oxide or hydroxide of the metal, 
— Osmium dichloride in solution has been thus prepared from 
osmium monoxide, OsO ; similarly, iridium trichloride is pro- 
duced from IraOa. 

(h.) Iridium tetriodide is produced by mixing solutions of tho 
tetrachloride and potassium iodide. On mixing it with ammonium 
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iodide, the tetraiodide is probably formed at first, but it loses 
iodine, yielding the tri-iodide. Platinum tetrafluoride is produced 
by adding silver fluoride to platinum tetrachloride, filtering from 
the precipitated silver chloride, and evaporating the solution. 
Platinum di- and tetra-iodides are formed on addition of potas- 
sium iodide to the di- and tetra-chlorides. Iridium tetrabromide 
may be similarly produced by the action of potassium bromide on 
the tetrachloride. 

5. By reduction of a higher halide. — Various reducing 
agents may be used to prepare a lower from a higher halide. The 
one commonly used is sulphurous acid, which absorbs oxygen from 
water, liberai^ing hydrogen, which combines with a portion of the 
halogen. By this means osmium di- and tri-chlorides and iridium 
di-iodide are produced. The last reaction is as follows : — 

lrl 4 .Aq + H,0 + H.SOa.Aq = Irl^.Aq + H,S 04 .Aq + 2HI.Aq. 

Properties. — Most of these bodies are non- crystalline powders. 
Iridium trichloride, tetrachloride, tri-iodide, and tetra-iodide are 
black powders. Osmium dichloride is blue-black. It is very 
unstable, but its compound with chloride of potassium is more 
permanent. The trichloride is known only in solution. The 
tetrachloride is a red mass. Iridium dichloride is an olive-green, 
and the di-iodide a brown, powder. The tribrornide forms olive- 
green crystals. Platinum tetrafluoride is a buff-yellow crystalline 
deliquescent mass. The tetrachloride forms orange-brown crystals 
containing water. The tetrabromide is a non-deliquescent black 
mass, soluble with brown colour. The dichloride and dibromide 
are greenish-brown masses. These substances are all easily decom- 
posed by heat. The following are soluble in water: — OsClg, 
dark-violet; OsCla, green; OsCb, red. IrCls and IrCh are de- 
liquescent ; PtF 4 , yellow ; PtC^, orangro ; PtCh, orange-brown ; 
IrBrs, olive-green ; IrBr 4 , red. Osmium tetrachloride decomposes 
on addition of much water. 

Double halides. — These bodies are, as a rule, crystalline in this group, and 
are more stable than the simple halides. The following is a list : — 

Fluorides. Chlorides. 

Pt.F^nKF. OsCl2.«KF. Ir 0 l 2 .«K 01 . PtOls.KCl. PtCl 4 . 2 K 01 . 

OsClg.SKCl. IrCl3.3KCl. PtCl2.2HCl. PtCl4.2NH401. 

OSCI4.2KCI. IrOlg.SAfirCl. PtCl2.2KCl. PtCl4.BaOl2. 

08Cl4.2NaCl. IrCl4.2KCl. 3PtCl2.2AlCl3. PtC^.AlCls. 

OsCl4.2AffCl. 2PtCl2.SnCl4. PtCl4.FeCl3. 

PtOl4.SxiCl4. 

PtCl4.SeCl4. 
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Bromides and Iodides. 

PtBr2.2KBr. IrBrg.SHBr. IrBr4.2KBr. IrCl 4 .NH 4 l. 

PtBra.CuBrj. IrBrg.SKBr. PtBr4.2HBr. Irl4.2NH4l. 

Irl2.2NH4l. Irl3.3KI. PtBr4.2KBr. Ptl4.2Kli. 

Irl3.3AffI. PtBr4.BaBr2. 

Also, PtCl4.Ptl4, or PtCl2l2 18 known. 

A compound of platinum dichloride with phosphorus trichloride is formed 
by heating to 250° spongy platinum with phosphorus pentachloride ; its formula 
is PtCl2.PCl3. The resulting crystals melt at 170°, and are soluble m carbon 
tetrachloride and in chloroform. It combines with chlorine to form the double 
compound PtCl3.PCl4. 

The most important of these compounds are P^Ch-^HCI, pro- 
duced by direct addition, and the corresponding potassium and 
ammonium compounds, produced by double decomposition, thus : — 

PtCl4.2HCl.Aq + 2KCl.Aq = PtCl4.2KCl + 2HCl.Aq. 

These compounds are yellow crystalline powders, sparingly soluble 
in water, and nearly insoluble in a mixture of alcohol and ether. 
As the similar sodium platinichloride dissolves in these solvents, 
potassium and ammonium are usually separated from sodium by 
precipitation as platinichlorides, and weighed as such. The 
ammonium salt at a red heat yields spongy platinum as a porous 
grey metallic mass. All these compounds, indeed, lose halogen 
when heated, leaving a mixture of the metal of the platinum 
group with the halide of the conjoined metal. 

The mass of 1 c.c. of platinum dichloride is 0 87 gram at 11°. The mass of 
1 c.c. of many of the platinichlorides has also been determined, but with tlic&e 
exceptions the physical constants are unknown. 


Halides of Copper, Silver, Gold, and Mercury. 

These elements resemble each other in their monohalides. The 
monochlorides, bromides, and iodides are all insoluble in water. 
They have a certain analogy with the compounds of the palladium 
and platinum groups, and in their formula) correspond with those of 
the elements of the potassium group, in which the first three 
members are classed. Mercury, in the periodic table, is the last 
element in the magnesium group, which it resembles in the formulae) 
of its dihalide compounds. 

Sources. — Silver chloride, AgCl, occurs native as horn silver, 
or herargijrite^ in waxy translucent masses. Bromargyrite is the 
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name of native silver bromide, a lustrous yellow or greenish 
mineral. Clilorobromides of silver of the formulae SAgCl.AgBr, 
8Ag(J1.2AgBr, 3AgBr.AgCl, 5AgCL4AgBr, and SAgCl.AgBr 
also 'occur native. Native iodide or iodargyrite is also found in 
yellow-green masses. AgCl.AgBr.Agl has also been found 
native. 

Mercurous chloride, HgCl, or horn quicJcsilver, accompanies 
cinnabar, HgS, occurring in dirty- white crystals. 

The following halides are known : — 

Fluorine. Chlorine. Dromine. Iodine. 

Copper.. CU2F2; CuF 2. CU2CI2; CUCI2 Cu2Br2; OuBr2. CU2I2; Cul^. 

Silver . . Agr]^. AgrCl. AgrBr. Agrl. 

Mercury. HgrF; HgrF2. HgrCl; HffCl2. HgrBr; Hg:Br2. HgrI; HgrI?. 

Gold ... — AuCl ; AUCI2 ; AuBr — Aul — 

AuCl^. AuBrj. -A.ul{. 

Preparation. — 1. By direct union.— Fluorine, chlorine, bro- 
mine, and iodine attack these elements when finely divided in the 
cold, but the action is promoted by heat. In this way cuprous 
and cupric chlorides and bromides, and cuprous iodide have been 
prepared, the monohalide being formed m presence of a small 
amount of halogen ; but the dihalide with excess of halogen. Silver 
chloride, bromide, and iodide, mercurous and mercuric chloride 
and iodide and mercurous bromide, and gold dichloride, AuCl^ 
or AU3CI4, and the corresponding bromide, AUBr^ or AU2Br4, have 
also been thus obtained. 

The higher halides are often prepared by the action of a 
mixture of nitric and hydrochloric, or nitric and liydrobromic, 
acids on the elements (see p. 172). The free halogen attacks the 
metal, forming the halide. Thus mercuric chloride, HgCh, cupric 
chloride, jCuCL, and auric chloride and bromide, AuCh and AuBrg, 
are produced in solution by this means: 3Hg + GHCl.Aq -f 
2HN03.Aq = SHgCh.Aq + 4H.2O -f 2.¥G; Au + 3HBr Aq + 
HN03.Aq = AuBra.Aq 4- 2H3O -f NO. 

2. By the action of the halide of hydrogen on the metal. 
— A solution of hydrogen iodide dissolves silver, forming the 
double halide, Agl.HI. Hydrochloric acid dissolves copper in 
presence of air : Cu -f- 0 -f 2HCl.Aq = CuClg-Aq -f H.O. 

3. By heating a higher halide.— Cupric chloride and 
bromide, CuCl 2 and CuBr*, when heated, yield cuprous halide, 
CU2CI2 and Cu^Brj*, and cupric iodide decomposes spontaneously 
into cuprous iodide, CU2I2, and iodine. Aurous chloride is pro- 
duced at 185° from auric chloride, and auric bromide yields 
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aurons bromide at 115®. Auric iodide decomposes spontaneously 
into anrous iodide and iodine. 

4. By the action of the metal on the higher halide. — A 

solution of cupric chloride in hydrochloric acid, when shaken with 
scraps of nietallic copper, is converted into the dichloride, thus : — 
Cu -f CuCh.nHCl.Aq = Cu2Cl2.wHCl.Aq. Mercuric chloride or 
bromide triturated with mercury yields mercurous chloride or 
bromide. 

5. By double decomposition. — (a.) By the action of the 
halogen acid on the oxide or carbonate of the metal. — 

All these compounds may be thus prepared. It is, however, not 
convenient for the preparation of insoluble compounds, inas- 
much as the oxides, being insoluble, become coated over with a 
film of the insoluble halide and protected from the further action 
of the halogen acid. The following compounds have been pre- 
pared thus: — C u 2F2, CuFa, CuiCh, CuCh, CuBr.i, AgF, HgF (by 
the action of HF on Hg20) ; HgFj, HgCU, HgBr2, Aul (from 
AU2O3 and HI, thus: — AU2O3 -h 6HI = 2 Aul -f 8H2O + I2; 
the auric iodide. Aula, decomposing at the moment of its forma- 
tion). 

(6.) Other cases of preparation by double decomposition : — 

CU2CI2. This is the best method of preparation. A strong 
solution of copper sulphate, CuSOi, and sodium chloride, 
NaCl, in equivalent proportions, is saturated with sulphur 
dioxide. The sulphur dioxide liberates hydrogen from 
water, itself forming sulphuric acid ; and the nascent 
hydrogen removes chlorine from cupric chloride, produced 
by the interaction of copper sulphate and sodium chloride, 
precipitating cuprous chloride, thus : — 

CuS04.Aq -h 2N'aCl.Aq = CuCl,.Aq 4* Na2S04.Aq; and 

2CuCl2*Aq 4* 2H2O 4" SO^.Aq = CU2OI2 4“ H2S04.Aq 4" 
2HCI.Aq 

Hg2Cl2 may be similarly prepared from mercuric chloride, 
HgCh, and sulphur dioxide. 

CU2l2. Copper sulphate, or any other soluble salt of copper, 
reacts with potassium iodide, giving in very dilute solution 
a blue solution of cupric iodide ; in strong solution the 
cupric iodide decomposes into cuprous iodide and free 
iodine. The reactions are as follows : — 

CuS04.Aq 4- 2KI.Aq = CuIg.Aq + K2S04.Aq; and 
2Ciil2.Aq ~ O1I2I2 4” d" Aq. 
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AgCl, AgBr, and Agl. These are prepared by adding a soluble 
‘salt of silver, tbe nitrate, to the required halide of 
^ hydrogen, or to any other soluble halide, thus : — 

AgNOs.Aq + KI.Aq = Agl + KNOs.Aq. 

AuFa ? An attempt to prepare auric fluoride by adding silver 
fluoride to auric chloride resulted in the precipitation of 
auric oxide, Au^Os, through the action of water on the 
fluoride, thus : — 

2AUF3 ”4" 3H3O — A1I2O3 -|- 6HF,* 

Aul^. Auric iodide is formed by the addition of auric chloride 
to potassium iodide, thus : — 

AuCb.Aq -h 4 KI.Aq - AuT3.KI.Aq -f RKCl.Aq, 

The double iodide is decomposed on addition of more auric 
chloride, with precipitation of. auric iodide : — 

3KI.AuI3.Aq + AuCla-Aq = 4Aul3 + BKCl.Aq. 

HgF. Mercurous chloride, digested with silver fluoride, yields 
mercurous fluoride and silver chloride, thus : — 

AgF.Aq + HgCl = AgOl + HgF.Aq. 

HgCl, HgBr, and Hgl. By precipitation. — Mercurous 
nitrate, Hg(N03), ^'iid a soluble halide yield mercurous 
halide and a soluble nitrate, e.g., HgNOa.Aq + NaCLAq 
= HgCl + NaN03.Aq. Another method of preparing 
HgCl is to sublime mercurous sulphate, Hg^BOi, with salt, 
NaCl 

Hg^SO* 4- 2 NaCl == 2 HgCl 4 - Na2SQ4. 

ngcu Mercuric sulphate, HgS04, and salt yield mercuric 
chloride on sublimation ; hence its name corrosive sublimate. 

Hgl*. Mercuric iodide, being insoluble, is precipitated by 
addition of mercuric chloride to potassium iodide. The 
sesquiiodide, Hgl*. Hgl, is similarly precipitated from a 
mixture of mercurous and mercuric nitrates by potassium 
iodide. 

Properties. — These substances are all solid. The cuprous and 
mercurous, and the silver and aurous compounds are all insoluble 
in water, but dissolVe in concentrated halogen acids ; mercurous 
and . aurous halides are decomposed when boiled with acids. 
Cuprous fluoride is a red powder, fusing to a black mass ; when 

V 
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prepared by precipitation it is white. The chloride is also white, 
but is affected by light, which turns it dirty violet; it appears to lose 
chlorine. The bromide is greenish-brown, and the iodide brownish- 
white. Silver fluoride is a white soluble mass ; the chloride is white, 
but turns purple on exposure to light. This is said to be owing to 
the formation of asubchloride, AgaCl, inasmuch as the purple sub- 
stance is not dissolved by nitric acid, in which silver itself is soluble. 
The bromide is pale-yellow, and the iodide darker yellow. These 
substances are used to detect and estimate the halogens, for they 
are almost absolutely insoluble in water. They melt to horny 
masses. Mercurous fluoride is a light-yellow crystalline powder, 
partly decomposed on boiling with water, and decomposed by 
heat. The chloride, the common name for which is calomel^ is 
dirty white in colour, and also partially decomposes when volati- 
lised, but its constituents recombine on cooling ; hence it can 
be sublimed. Tt condenses as a fibrous, translucent, very heavy 
solid. It is quite insoluble in water. The bromide is also a 
fibrous yellow mass. The iodide is a greenish-yellow powder, 
sparingly soluble in water. 

Aurous chloride, AuCl, is white, insoluble in water, but decom- 
posed on boiling with water into gold, and auric chloiude, AuCla. 
The bromide is also insoluble in water, and yellowish-grey in colour. 
It is decomposed by hydrobromic acid, thus : — 

3AuBr -h HBr.Aq = AuBr3.HBr.Aq + 2Au. 

Aurous iodide is an insoluble yellow powder, soluble in hydriodic 
acid. 

The higher halides are all soluble in water. Those of mercury 
and cupric chloride are also soluble in alcohol and in ether. 

Cupric fluoride forms sparingly soluble blue crystals ; mercuric 
fluoride is a white crystalline mass. 

Cupric chloride is a brownish-yellow deliquescent powder ; it 
dissolves in water with a blue colour, and deposits blue crystals 
of CuCl 2 . 2 H 30 . The bromide consists of iron-black crystals, 
soluble in water with a brown colour. 

Gold dichloride,* AllgCh, is regarded as a compound of AuCh 
with AuCl. Its molecular weight, however, is unknown. It is a 
hard dark-red substance, decomposed by water into AuCla and 
AuCl. The trichloride, AuClg, forms dark-red crystals, and is 
soluble in water, alcohol, and ether. The dibromide is a black 
substance, which reacts with water like the corresponding 
chloride, yielding monobromide and tribromide. The latter is 
* J, prakt, Chem. (2), 87, 106. 
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dark- brown and dissolves in water, alcobol, and etber. Anric 
iodide, Auls, is a dark-green precipitate, decomposing spontane- 
ously^into aarous iodide and iodine. 

Mercuric chloride, or corrosive sublimate, is a white crystalline 
substance ; 100 parts of water dissolve 7*4 parts at 20° ; 100 parts 
of alcohol dissolve 40 parts at the ordinary temperature. The 
bromide crystallises in soft white laminss. The iodide is a 
scarlet powder, sparingly soluble in water, more soluble in alcohol 
and ether. It crystallises from aqueous potassium iodide in red 
octahedra. When sublimed, it condenses in yellow prisms, which, 
when rubbed, suddenly change into red octahedra. 


Physical Properties, 

Mass of 1 c.c. Melting-point. Boiling-point. 


r- 


F. Cl. Br. 

I. 

F. 

Cl. Br. I. 

F. 

CL 

Br. 

I. 

Copper. — ? (ous) 4*72 

5*70 908° 

434° 504° 601° 

? 

954t 861° 

759° 

Silver.. — 5*505 6*215 

at 0° at 17° 

5*67 

? 

451° 427° 527° 

p 

? 

? 

White 

heat. 

Gold... — ? ? 

? 

? 

250°* 115°* * 

# 

* 

* 

# 

Mercury 

^ L 6-45 ( 10 ) 5-73 

7*64 

? 

X 405° 290° 

? 

400° 


310° 

6*30 

130°* 288° 244° 238° 

P 

303° 

319° 

339° 


Double halides. — Cupric fluoride is said to combine with the fluorides of 
the alkaline metals to form black compounds. The following compounds of the 
other halides have been prepared : — > 


CU 2 CI 2 . 4 HCI, 

Cu^Ia.Hgrlg. 

AgF.HF. 

Afi:Cl.NH4Cl. 

Ag^CLKCl. 

AgrI.HI. 

AfirI.KI^ 

A^I.2E1. 

2HgrCl.SrCl2. 

2H8rCl.S01s. 


HfirCl2.KCl. 
2!B[grd2, CaCl2, 
HgrBrg.KBr. 
2H8rBr2.SrBr2. 
Hgrl2.KI. 
H8-C12.NH4C1. 
HfiTla-HfiTl. 
2]Sg’^2*^al2« 
2B[srCll2, Hg'l2* 


CUCI2.2HOI. 

CUCI 2 . 2 KCL 

CUCI2.2NH4CI. 

H»Ol2.2NH4Cl. 

Hfirl2.2NH4l. 

HgCl2.2KCl. 

Hgl2.2KI. 

Hgl2.HgOl2. 


AuOla.KCl. 

AuCl3.NaCl. 

2AuCl3.CaCl2. 

2AuCl3.ZnCl2. 

AuBis.HBr. 

AuBra.KBr. 

AuIyKI. 


Besides these, 2HgCl2.KCl, 3HgCl2.MgCl2, and SHgCL.CaCla are known, in 
which the mercuric chloride bears a larger ratio to the other chloride than in 
the tabulated examples. The name aurichlorides (sometimes, but incorrectly, 
chloraurates ”) has been applied to the compounds of auric chloride. The 
compound Cuala-Hglo is a red body, and has the curious property of turning 
black when heated. It has been used as a means of indicating whether the 
axles of engines become superheated. The compound HgCl 2 . 2 NH 4 Cl has been 


* Decomposes. 

t Between 954° and 1032°; CuCh, 498°; Cu 2 Br 2 , 861-964°. 
J Sublimer between 400° and 500° without melting. » 

N 2 
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known since t-he times of the alchemist, and was termed by them ^al alemhroth* 
All these bodies are prepared by direct addition. Those of silver are decom*. 
posed on dilution, giving precipitates of halides. The compound HgCl 2 .SnCl 2 
is produced by subliming an alloy of tin and mercury with mercurous chlpride. 

The molecular weights of some of these compounds have been 
determined. The density of cuprous chloride, CU 2 CI 2 , was found to 
be 102*0, while the calculated number for that formula is 106*86.* 
Silver chloride gave a density corresponding to the molecular 
weight 160*8, instead of the theoretical one, 143*39, for the 
formula AgCl.f As regards mercurous chloride, it is most pro- 
bable that the molecular weight is that equivalent to the formula 
HgCl. It is not difficult to vaporise mercurous ^ chloride ; the 
difficulty has been to ascertain whether it decomposes, in the state 
of gas, into mercuric chloride, HgCb, and mercury, or is stable. 
In each case the density found corresponded to the formula 
HgCl, not to the formula Hg^Cb. The actual number was 
231*8 ; the calculated molecular weight, 235*4. The density was 
determined in presence of an atmosphere of mercuric chloride, and 
under these circumstances little or no dissociation takes place. J 
The molecular weights of the remaining halides are unknown, 
but the formulae have been made to accord with those of which the 
value has been ascertained, 

* JBerichte, 2, 1116. 

t Froc. Roy, Soc. Edin,^ vol. 14. 

X GazzettOy 1881, 341 ; Chem, Soc. Abs., 42, 466. 
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CHAPTEE XIV. 

REVIEW OF THE HALIDES ; THEIR SOURCES, PREPARATION AND PROPER- 
TIES, PHYSICAL AND CHEMICAL. — THEIR COMBINATIONS. THEIR 

REACTIONS WITH WATER AND HYDROXIDES. — CONSIDERATION OF 

THEIR MOL€CULAR FORMULJJ. 

Having concluded the description of the compounds of the 
halogens with other elements, and with each other, it may be here 
advisable to give a summary of their leading features. This will 
be done in the same order as that observed in the special descrip- 
tion of each class of compounds, viz., their sources, their prepara- 
tion, and their properties. 

1. Sources. — If a compound occur free in nature, it must 
either be unacted on by substances around it at the temperature 
at which it exists, or must have only an ephemeral existence. 
The two most important and widely spread agents are the oxygen 
of the air and water. It must, therefore, be able to resist the 
combined action of both of these substances. 

As an instance of a compound produced under certain unusual 
circumstances, hydrogen chloride may be named. It is found in 
the air and water in the neighbourhood of volcanoes ; but, although 
not altered by air or water, it soon is dissolved by the rain, and 
reacts with the constituents of the soil, forming chlorides of cal- 
cium, sodium, potassium, &c., which ultimately find their way into 
the sea, being carried down by rivers. ’ It is, therefore, only found 
in the locality where it is formed before it has been exposed to 
those influences. Ferric chloride, FeaCl®, occurs under similar 
conditions. 

The chlorides, bromides, and iodides of lithium, sodium, potas- 
sium, calcium, and magnesium are all soluble in water. It is net 
improbable that they are partially decomposed by solution ; thus, 
for example, XaCl 4- HjO = NaHO -f HCl. But when such a 
solution is evaporaied, the reaction, if there is one, occurs, in the 
inverse sense, and the water evaporates, leaving the chloride. By 
the evaporation of inland lakes, such as the Dead Sea, these salts 
are deposited. Such has doubtless been the case where mines of 
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known since thedt ; and at Stassfurth, in N. Germany, the layers of 
All these bodiind in the order of their solubility, the least soluble 
posed on lowest layers. 

is salts, such as fluorspar (calcium fluoride), cryolite 

rininium sodium fluoride, AlPg.BNaF), silver chloride, bromide, 
^.id iodide, lead chloride, <fec., which are not attacked by water or 
oxygen, are also found in nature. 

Preparation. — The general methods of preparation may be 
summed up as follows : — 

1. Direct union. — The halides may, as a rule, be thus pre 
pared. Fluorine appears to act on all elements, oxygen and 
nitrogen excepted, at the ordinary temperature. * The metals 
iridium and platinum are, perhaps, the least affected of any in 
the cold ; hence the use of an alloy of these metals in forming the 
vessel in which fluorine was isolated by electrolysis. Chlorine, 
when dry and cold, appears not to attack some metals, such as 
sodium and zinc, which are readily acted on when hot ; but, as a 
rule, the elements combine with chlorine, bromine, and iodine 
when heated in contact with them. Those which do not combine, 
even at a red heat, are carbon, nitrogen, and oxygen. 

2. Replacement. — Action of a compound of the halogen on the 
element; or action of the halogen on a compound of the element. 
The most common instance of the first method is the action of the 
halide of hydrogen on a metal. A list of the elements not thus 
attacked is given on p. 112. But there are many other processes 
involving similar reactions, where the method is not used as a 
means of preparing a halide, but of liberating the element with 
which the halogen was in combination. The elements magnesium, 
boron, aluminium, silicon, and others are prepared by the action 
of sodium or potassium on their halides, which, of course, results in 
the formation of sodium or potassium halides. The action of the 
halogen on a compound of the element, of which the halide is 
required, is also a method not frequently employed ; for, owing to 
the fact that there are few elements which do not combine with 
the halogen, a mixture of two halides is thus obtained, which are 
often not easily separated. An instance of its application, how- 
ever, is found in the preparation of hydrogen iodide, by the action 
of iodine and water on hydrogen sulphide ; and of carbon tetra- 
chloride, by the action of chlorine on carbon disulphide. The 
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perhaps, the most usual method of preparing compounds of the 
halogens. As a rule, the resulting halide must be gaseous or solid, 
or water or hydrogen sulphide must be the product of the action. 
Instances of such action are very numerous. Among them may 
be mentioned the action of sulphuric or phosphoric acid on halides 
of the metals, whereby the hydrogen halide is formed ; the 
action of the halides of boron, silicon, phosphorus, &c., on water ; 
the action of a halide of hydrogen on oxides, hydroxides, sulphides, 
or carbonates of the metals ; the action of calcium chloride on 
barium sulphate at a red heat; the precipitation of calcium 
fluoride ; the preparation of magnesium chloride ; of boron fluoride : 
boron chloridfe ; and many other cases. The method is almost 
universally applicable ; but it does not yield halides of nitrogen or 
of oxygen. 

A special method, applicable to the preparation of aluminium 
chloride, is the action of the vapour of carbon tetrachloride on the 
red-hot oxide. The simultaneous action of carbon and chlorine on 
the oxides of silicon, boron, &c., at a red heat can hardly be 
considered double decomposition, inasmuch as the chlorine and 
carbon are not combined, but it is difficult to classify such actions 
elsewhere, unless they be regarded as cases of direct union. 

To distinguish the halogens when all three may be present, the 
mixture is distilled with strong sulphuric acid and potassium di- 
chromate. If chlorine be present, the volatile chrorayl chloride, 
OrOChj is produced, and distils over. If the distillate confains 
chlorine, chromium will be found therein. To detect bromine and 
iodine in presence of each other, chlorine- water is gradually added 
to the solution of their sodium or potassium salts, and the liquid 
is shaken with carbon disulphide or chloroform, which do not mix 
with water. If iodine be present, a violet solution is obtained; if 
bromine be also present, further addition of chlorine- water will 
destroy the violet colour of the chloroform or carbon disulphide, 
and it will be replaced by an orange-red colour. 

4. If two or more halides exist, the compound containing most 
halogen may almost always be prepared by heating the one con- 
taining less with the required halogen. Thus, iron diohloride 
yields the trichloride when heated in chlorine ; mercurous is con- 
verted into mercuric chloride ; stannous into stannic, &c. 

5. By heating the higher halide, in certain cases, the 
halogen is evolved; and the lower halide is left. Thus, thallic 
chloride, TICI3, yields thallous chloride, TlCl, when heated ; and 
auric chloride similarly gives aurous chloride, two atoms of chlorine 
being lost. 
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Sometimes, but rarely, tbe lower halide decomposes into the 
element and the higher halide. This is the case with bismuth 
dichloride, BiCl2. It is sometimes necessary to heat in contact 
with some element capable of combining with the halogen. For 
example, aluminous sodium fluoride, AlP2.2NaF, is prepared 
by heating cryolite with metallic aluminium; the compounds 
GaCU, InCls, and InCl, by heating GaCls and InCla, with 
gallium and indium respectively ; disilicon hexachloride is similarly 
prepared from the tetrachloride ; and chromous chloride, CrCl2, 
results from the action of hydrogen at a red heat on CrCla ; 
the lower chlorides of titanium, molybdenum, and tungsten are 
also prepared thus. ' 

Sometimes the removal of halogen from the higher halide may 
be accomplished in solution. Thus, the familiar operation of 
“ reducing ferric chloride in solution by means of the hydrogen 
generated from zinc and hydrochloric acid, or by sulphur dioxide, 
or by stannous chloride, falls under this head ; also the formation of 
mercurous from mercuric chloride, and that of osmium di- and tri- 
chlorides, and iridium di-iodide. Hydrogen sulphide is also used as 
a reducing agent for ferric halides, for rhodium trichloride, &c. 

Properties. — (a.) Physical properties : — Colour , — The colour 
of objects is due to their absorbing light rays of certain wave- 
lengths in the visible part of the spectrum. It is to be noticed 
that the iodides of those metals which form white fluorides, 
chlorides, and bromides often are yellow or red ; as examples, the 
cases of thallium, silver, mercury, &c., may be noticed. In general, 
those halides with higher molecular weights towards the end of 
the periodic table display colour. But substances which appear 
colourless to our eyes have the power of absorbing vibrations of 
wave-lengths which do not affect our sight, and to eyes sensitive 
to other scales of vibration than ours such bodies woutd appear 
coloured. It may also be generally stated that halides containing 
a large proportion of halogen display colour when those containing 
less are colourless. 

Form , — The halides are almost without exception crystalline, 
but up to the present their crystalline form has not yet been 
connected with their chemical nature (see Isomorphism, 
Chap. XXXV). 

State of aggregation . — Compared with the oxides and sulphides, 
the halides may generally be said to be easily fusible and volatile. 
This is probably due to their simplicity of structure and low 
molecular weight. Tbe fluorides, however, have, as a rule, greater 
complexity than the chlorides, bromides, and iodides. For example. 
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Lydrogen fluoride is known to have a more complex molecule than 
hydrogen chloride, even in the gaseous state (see p. 115) ; and the 
non-nMatility of many fluorides, compared with the volatility of 
the corresponding chlorides, would lead to the inference that their 
molecules are complex. Some fluorides, however, such as those 
of boron and silicon, have undoubtedly simple formulae ; and it is 
to be remarked that these bodies are very stable. The comparative 
insolubility of many fluorides, e.g., those of calcium, strontium, 
barium, magnesium, tin, &c., may also point to complex molecular 
structure ; and further evidence may be derived from the fact that 
the fluorides form double compounds more easily than the other 
halides. • 

The solubility of a compound, however, may perhaps partly 
depend on its chemical action on the solvent, though probably not 
invariably. It certainly appears to be connected with simplicity 
of molecular structure, implying low molecular weight. 

The mass of one cvhic centimetre of the halides also shows regu- 
larity. The iodides are, as a rule, specifically heavier than the 
bromides ; the bromides than the chlorides ; the chlorides, how- 
ever, are not always heavier than the fluorides ; but, again, this 
may depend on molecular complexity, contraction always occurring 
when chemical union occurs, even between molecules of the same 
kind. It is also to bo noticed that, in each group of elements, the 
halides of those which possess the highest atomic weights are 
specihcally heavier than the earlier members of each series. 

(b.) Chemical properties. — Some halides, when heated, 
decompose into their elements, or into lower halides and halogen. 
It is probable, indeed, that at a sufliciently high temperature all 
chemical compounds would decompose thus. In certain cases, for 
example, the halides of nitrogen, oxygen, and carbon, when the 
elements ^re once apart, they do not again combine. The halides of 
oxygen and nitrogen are formed, not, as usual, with evolution of 
heat, but with absorption, and such compounds are always readily 
decomposed. Those of nitrogen and of oxygen are exceedingly 
explosive, and cannot be produced by direct union. Other halides, 
such as those of gold, platinum, &c., decompose into their elements 
when Jieated, but if kept in contact the elements would again 
recombine. But, as the metallic element is volatile only at a very 
high temperature, the halogen, which is easily volatile, distils 
away, leaving the m^al. Other halides, such as the higher ones 
of selenium, phosphorus, and antimony, are also decomposed, out 
the lower halide is not so different in volatility from the halogen 
itself ; hence, the two are difficult to separate. When a of^mpound 
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decomposes into constituents which reunite on cooling, it is said 
to dissociate. The term decomposition includes dissociation, but 
may be employed in the stricter sense of splitting up without 
recombination. There is a temperature of decomposition peculiar 
to each compound, at which, if recombination does not occur, after 
sufficient time, all the compound would be decomposed; whereas, 
if recombination is possible, a state of balance is maintained, the 
relative proportions of the constituents depending on the tempera- 
ture, on the pressure, and on the relative amounts of the con- 
stituents. Excess of one constituent prevents decomposition. 
Thus, phosphorus pentachloride is stable in the gaseous form in 
presence of excess of chlorine or of phosphorus tfichloride, and 
mercurous chloride can exist as gas in presence of mercuric 
chloride. These statements probably also apply to bodies in solution. 

The halogens are capable of replacing each other. Here, 
again, the relative amounts have a great influence on the result. 
Bromine replaces iodine from its compounds with elements of the 
potassium, calcium, and magnesium groups dissolved in water; 
and chlorine replaces bromine and iodine. But a current of 
bromine vapour led over hot potassium chloride results in the 
formation of potassium bromide. Again, on digesting precipitated 
silver chloride with bromine- water, silver bromide is formed ; and 
iodine, under similar circumstances, replaces both chlorine and 
bromine. Yet, on heating silver iodide in a current of chlorine or 
bromine, the iodine is expelled, and replaced by chlorine or 
bromine. In these cases,, the mass of the halogen acting on the 
halide has the effect of reversing the process which takes place 
in presence of water. 

Gomhinations . — The halides of the elements in most cases com- 
bine with water to form crystalline compounds containing water 
of crystallisation. It is sometimes, but not always, possible to 
expel such water by heat ; in many cases, the water reacts with 
the halide, forming hydroxide, oxide, or oxyhalide. The crystalline 
form is altered by the presence of the water, and when several 
hydrates exist, they have usually different crystalline forms. The 
lower the temperature, the greater the amount of water with 
which the substance will combine. A halide crystallising Tyithout 
water at the ordinary temperature sometimes forms a hydrate at 
low temperatures, as is the case with sodium chloride. The 
remarkable change of colour of some halides, e.g., those of nickel, 
cobalt, iron, <Src., when hydrated appears to point to some profound 
modification in molecular structure by hydration ; and the per- 
sistence +his colour in dilute solution leads to the inference 
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that the hydrate exists dissolved in the water. It has been 
pointed out that compounds of halides with hydrogen halides 
invariably contain two molecules of water of crystallisation for 
every molecule of hydrogen halide present. 

Double halides. — The halides in almost all cases, as has been 
seen, combine with each other, forming double compounds. These 
are usually prepared by mixing solutions of the two halides of 
which it is desired to form a compound, and evaporating the mix- 
ture, best at the ordinary temperature, for a low temperature is 
favourable to combination. The compounds with halides of hydro- 
gen are generally, but not always, called acids. In many cases 
they are exceedingly unstable, and mere removal from the presence 
of a strong solution of the halogen acid is sufficient to decompose 
them, the hydrogen halide escaping as gas. They usually crystallise 
with water, if, indeed, they can be obtained crystalline ; the anhy- 
drous compounds are rare. Of the four halogens fluorine is most 
prone to form double compounds. This is probably connected with 
the tendency of its compounds to polymerisey i,e,y the tendency for 
several molecules to enter into combination with each other. It is 
probable, indeed, that there is no difference in kind between com- 
pounds of two molecules of the same halide, such as Fe2Cl6 (which 
may be regarded as a compound with each other of two molecules 
of FeCla), and compounds produced by the union of the halides of 
two different elements, such as PtCl4.2KCl, SbCU.SCl^, &c. ; such 
bodies, however, exhibit very different degrees of stability, certain 
of them withstanding a fairly high temperature without decompo- 
sition, so far as can be ascertained, while others exist only at a low 
temperature. If one of the halide constituents of a double halide 
is easily decomposed by heat, it is usually rendered more stable by 
combination ; although on heating such a double halide, the more 
easily deccmiposable halide is decomposed, while the more stable 
one resists decomposition. An instance is given above; SbCls.SCli 
is stable at the ordinary temperature, while SCI4 can exist only 
below —22° ; but on heating the double halide chlorine is evolved, 
while the stable chloride of sulphur, S2CI2, is formed, the anti- 
mony pentachloride remaining unaffected. Similarly the other 
double halide mentioned above, PtCl 4 . 2 KCl, when heated, decom- 
poses, a mixture of metallic platinum and potassium chloride being 
left, while chlorine is evolved. Here, again, the comparatively 
unstable platinum tetrachloride is decomposed, the stable potassium 
chloride resisting decomposition. It is said that solution in watei 
decomposes such double halides into their constituent halides. 
But it appears more likely that the degree of decomposition 
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depends on the relative proportion of water and doable balide, 
and on the temperature of the solutions ; and that such a solution 
really cbntains in many cases both the double balide and th^ two 
simple halides. With increase of solvent, or with rise of tem- 
perature, it is probable that the relative amount of the double 
halide decreases, while that of the single halides increases. These 
are matters, however, still involved in considerably obscurity. 

Action of water. — The action of water on many of the halides is 
to decompose them, hydrogen halide and the oxyhalide or hydrox- 
ide of the element being produced. The following halides are 
known to be thus decomposed by water : — (a.) At the ordinary tem- 
perature : — Halides of boron, silicon, zirconium, germanium ; tetra- 
halides of tin ; halides of phosphorus,, arsenic, antimony, bismuth, 
vanadium, niobium, tantalum, molybdenum, tungsten, uranium, 
sulphur, selenium, and tellurium. In certain cases the halide is 
not decomposed in presence of great excess of hydrogen halide, 
even although water be present, possibly owing to the formation of 
a doable halide of the element and hydrogen. This is known to be 
the case with the fluorides of boron and of silicon, which form the 
compounds BF3.HP, and Sip4.*2HP, which are stable even in pre- 
sence of a large amount of water. Arsenic, antimony, and bismuth 
trihalides dissolve in excess of halogen acid, probably forming 
similar stable compounds. (6.) At a red heat, most of the halides 
react with water-gas to form the oxides, those of lithium, sodium, 
potassium, rubidium, and caesium excepted. 

It is, however, not im*probable that, as has been already stated, 
solutions of all halides in water are partially decomposed by the 
water, sodium chloride, for example, reacting to form sodium 
hydroxide and hydrogen chloride, thus ; — ISTaCl + H2O = !N^aOH 
-|- HCl ; and so with other chlorides. The degree of this decom- 
position depends, no doubt, largely on the relative aftnounts of 
water and halide, and on the temperature, and varies for each salt. 
The presence of a second halide appears in many cases to retard or 
diminish such decomposition, and to render salts stable in solution 
which would decompose or react with water in their absence. 

Action of hydroxides. — Halides which are not decomposed by 
water, so that their constituents can be separated, and which^are not 
re-formed on alteration of temperature, dilution, &c., can in most 
cases be decomposed by a soluble hydroxide. Thus sodium or 
potassium hydroxides react with almost alb halides producing 
hydroxides, that is, oxides in combination with water. Ammonia 
dissolved in water has in most cases a similar action, the solution 
acting js if it were hydroxide of ammonium, NH4OH. In 
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many instances, particularly if the element belongs to the class 
generally termed “non-metals,^' the hydroxide produced com- 
bines ‘With the reacting hydroxide, forming a double oxide, or 
salt, and water. Oxides such as those are termed “ acid-forming 
oxides,” or “chlorous” oxides; those which have less tendency 
to such combination being named “ basic ” or “ basylous ” 
oxides. The following instances will exemplify what has been 
stated : — 

The action of potassium hydroxide on cupric chloride is to 
form potassium chloride and cupric hydroxide, thus : — 

CuCh-Aq + 2KOH.Aq = Cu(OH )2 + 2KCl.Aq. 

Cupric hydroxide may be viewed as a distinct individual, 
or as a compound of cupric oxide, CuO, with water. This 
point will be discussed later. A great excess of caustic potash, 
KHO, develops the slight power of combination of copper okide, 
which dissolves with a blue colour, forming, no doubt, some com- 
pound such as CUO.K 2 O, or Cu(OK) 2 . Such a compound is 
certainly formed by the action of zinc chloride, ZnCh, on caustic 
potash, KOH, the body Zn(OK)2 being produced. But this kind 
of change is the usual and normal one of the chlorides of those 
elements whose halides are decomposed by water ; thus phosphorous 
chloride at once gives with water phosphorous acid, H3PO3, or 
P(0H)3 (?), and with caustic potash, KOH, potassium phosphite, 
the caustic potash reacting thus with the phosphorous acid : — 

2KOH.Aq -f HaPOa.Aq = HK 2 POo.Aq + 2 H 2 O. 

As the hydroxides when heated are as a rule transformed into 
oxides with loss of water, this forms one of the most convenient 
methods of preparing hydroxides and oxides, as will soon appear. 

The fdrmulsB of the halides are, as a rule, undoubtedly simple. 
It has already been remarked that we do not know with certainty 
the formulae of liquids and of solids, inasmuch as their molecular 
complexity is unknown. But it is probable that mere change of 
physical state from gas to liquid, or from liquid l-o solid, is not 
necessarily accompanied by chemical aggregation. Thus, if the 
formula of hydrogen chloride as gas is HGl^ and if no sign of 
is seen on its approaching its temperature of lique- 
faction ; that is, if its contraction on cooling runs pan passu with 
that of .hydrogen, there would appear to be no good reason to 
suppose that merely because it has liquefied its formula is thereby 
rendered more complex; but where, as in the case of hydrogen 
fluoride, distinct signs of molecular aggregation are to be noticed 
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as the temperature falls, no doubt can be entertained as regards 
the fact that the molecular structure is complex in liquid hydrogen 
fluoride; but that it begins to occur before the liquid st^te is 
reached would appear to negative the supposition that it is directly 
connected with change of state. - In the present state of our know- 
ledge, therefore, it may be concluded that the formula possessed 
by a halide in the gaseous state also represents its molecular 
weight in the liquid condition, although there may well be examples 
of aggregation beginning in the liquid or solid states with fall of 
temperature, which are not to be detected by determination of the 
density of the gas. A full discussion of this point is better reserved 
until the oxides and sulphides have been studiedt; for there is 
strong ground for the belief that their molecular structure is 
complex. 

In every case, however, where the molecular complexity of a 
compound is unknown, the simplest formulse have been adopted. 

These formulaa are deducible : — 

1. Prom the results of analysis, which yields the equi- 

valents of the elements, but gives no information 
as regards their atomic weights. 

2. By the law of simplicity, as applied by Dalton and 

Berzelius. 

3. By use of Avogadro^s law, that equal volumes of gases 

contain equal numbers of molecules: the chief 
method of investigation being the method de- 
pending on the vapour-densities of compounds. 

4. From the atomic heats of the elements (Dulong and 

Petit’s law). 

Other methods will be considered in a subsequent chapter. 

♦ 

Deteotionand Estimation of the Halosrens. — Fluorine is detected by 
heating the suspected fluoride with strong sulphuric acid, and trying if the gas 
evolved will etch glass, t.e., will produce silicon fluoride. Chlorine, bromine, 
and iodine, when in combination, are detected by adding to a solution of the 
suspected compound in nitric acid a solution of silver nitrate. A chloride gives 
a white precipitate ; a bromide, a yellowish precipitate j an iodide, a yellow 
precipitate. These may be further distinguished by addition of excess of 
aqueous ammonia. Silver chloride easily dissolves ; the bromide is sparingly 
soluble } and the iodide insoluble. 
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CHAPTER XV. 

OXIDES, SULPHIDES, SELENIDE, AND TELLURIDE OP HTDROGEN. — 
VOLUME-COMPOSITION. — PHYSICAL PROPERTIES. — ATTEMPTS TO 
ASCERTAIN THE QUANTITATIVE COMPOSITION OP WATER. — DOUBLE 
COMPOUNDS. 

The elements oxygen, sulphur, selenium, and tellurium, like 
the elements fluorine, chlorine, bromine, and iodine, combine 
readily with other elements, and many of their compounds have 
been carefully studied. Like the halogens, these four elements 
bear a marked resemblance to each other, oxygen being the 
analogue of fluorine, while the other three elements correspond 
more or less closely to chlorine, bromine, and iodine. The pre- 
vious arrangement of matter will be adhered to ; but additional 
para, graphs must be added, describing the double compounds of 
the elements of this group with those of the halogens and with 
each other. 

Compounds of Oxygen, Sulphur, Selenium, and 
Tellurium with Hydrogen. 

Hydrogen oxides, sulphides, selenide, and telluride ; HjO ; 

H 2 O 2 ; H 2 S 3 ; H 2 Se; E^Te. 

Sources. — Water, H3O, is the most widely distributed of com- 
pounds, and occurs in larger proportion in nature than any other. 
It forms the sea, lakes, and rivers ; as ice it caps the tops of high 
mountains, and covers the land in the neighbourhood of the North 
and South Poles ; in the form of small liquid particles it forms 
clouds, fogs, and mist ; its vapour is always present in the atmo- 
sphere in greater or less amount, and is known as “ humidity.” It 
is a constituent of many minerals, and of all organised beings-, 
vegetable and animal, forming from 70 to 95 per cent, of their 
weight. It is conjectured, from the appearance of the planets 
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Mars and Venus, that their atmospheres contain wafer-vapour, 
and that their land is intersected by seas. It has not been proved 
to exist in the Moon, and it probably does not exist as such^in the 
Sun. ^ 

Hydrogen dioxide^ H2O2, is present in minute amount in rain 
and snow, and in all natural waters,* and, being* a body prone to 
give up oxygen, probably plays an important part in oxidising 
dead vegetable and animal matter. It appears to be produced 
by the evaporation or exposure to light of water in which oxygen 
gas is dissolved. 

Hydrogen sulphide, H28, escapes from fissures in the earth 
in volcanic districts, and is a constituent of many mineral springs ; 
such waters are termed hepatic,” and are used as a cure for 
diseases of the skin. The wells at Harrogate are much fre- 
quented on this account. It is not widely spread, being slowly 
oxidised on exposure to air. Hydrogen selenide and telluride do 
not occur in nature. 

Preparation. — 1, By direct union. — ( m .) Water. — A mix- 
ture of hydrogen and oxygen gases in the proportion of two 
volumes of the former to one volume of the latter explodes 
violently when heated to its igniting point at the ordinary pres- 
sure, forming water. The fact that by the union of hydrogen 
with oxygen water is the sole product was first proved by 
Cavendish, though its true nature was first determined by 
Lavoisier. 

The combination may be easily shown by filling a strong soda-water bottle 
two-thirds full of hydrogen and one-third with oxygen, and after wrapping it 
in a cloth, for fear of the glass being shattered to fragments by the explosion, 
applying a lighted taper to the mouth. A violent explosion will occur, owing to 
the sudden expansion of the water-gas caused by the heat evolved by the union 
of its constituents. 

The quantitative relations between the volumes of the gases and their pro- 
duct, water-gas, may be shown in a more instructive manner as follows : — 

A is a strong of about 15 mm. in internal diameter, with platinum 

wires sealed through its upper end, surrounded by a jacketing tube, B, in the 
bulb of which water is boiled. A is filled with dry mercury, and placed in 
position in a mercury trough. A mixture, obtained by electrolysing water (see 
below) , of oxygen and hydrogen in the approximate proportions of two volumes 
of hydrogen to one volume of oxygen is introduced into the tube A, so^as to fill 
it about one-third. The water is then boiled so as to jacket the inner tube, A, 
with steam. The mixed gases expand, and when the temperature has become con- 
stant the mercury is run out by opening the stop-cock C until it is level in both 
limbs of the (J-tube. The level of the gases in then marked by an india-rubber 
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ring, and mercury is again allowed to flow out so as to reduce the pressure on the 
gas. A spark from an induction coil is then caused to pass between the 
platinujn wires sealed through the glass. The gases are heated to their 
temperature of ignition j the portions thus heated unite, and the heat evolved 
by tile union raises the neighbouring portions to their iguiiion-point. An 
explosion takes place, but owing to the increased volume of the gas, it is not 
so violent as it would be at atmospheric pressure and ordinary temperature. 



Fig 21) 

The gases after combination contract, and, to bring them back to atmospheric 
pressure, mercury is poured into the open limb of the y-tube until it stands at 
aqual height in both limbs. The volume of the water-gas is seen to be about 
bwo-thirds of that of the mixed gases before combination ; three volumes have 
become 4; wo. This experiment is adapted only as an illustration ; it is inaccu- 
rate owing to the non-introduction of various corrections; for exam])le, a 
mixture of oxygen and_ hydrogen, prepared by electrolysis, contains ozone 
(see p 387), and hence occupies too small a volume ; and some water- vapour 
condenses on the glass, and hence possesses a smaller volume than it ought to 
occupy. 

Oxtfhydrogen hlovypipe . — By forcing mixed hydrogen and ox\gcu gases 
through a narrow tube and setting them on fire, a pointed flame i*^ ^produced 
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of a very high temperature. But the rate of explosion of a mixture of these gases 
is very rapid, and there is great danger of the explosion travelling back through 
the narrow tube and inflaming the mixture. Hence a special form of blowpipe 
must be employed. The temperature of ignition of the mixed gases is a high one ; 
probably GOO^ to 700® at the ordinary pressure. By cooling the gases below this 
temperature they will not ignite. The cooling is effected by passing the mixed 
gases through a tube filled with copper gauze, or packed with fragments of 
copper wire The explosion cannot travel back through such a tube, for the 
flame is extinguished owing to its giving up its heat to the copper, which is a 
good conductor of heat. The danger of explosion can be thus avoided. An 
almost equally hot flame, however, may be produced without danger by urging 
oxygen under pressure through a flame of hydrogen gas by a blowpipe of 
the form shown in fig. 30. The temperature of such a flame is estimated at 
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2200® to 2400°. The very infusible metal, platinum, can be melted, and even 
boiled when thus heated; silica can be melted and drawn into threads like 
glass ; and the stem of a pipe, which is composed of aluminium silicate, can be 
softened and bent. With such a flame the hardest glass (combustion glass) can 
be worked as easily as ordinary glass; and when directed on a piece of lime or 
of zirconium oxide, a dazzling light is emitted, the solid being raised to the tem- 
perature of brilliant incandescence. Coal-gas, which contains about 50 per 
cent, of hydrogen, is usually substituted for hydrogen in such experiments • 
the temperature, though not quite so high, is still high enough for practical 
purposes. The applications of such a blowpipe are the fusion of platinum and 
iridium, and the production of the lime-light, or, as it is named from its dis- 
coverer, Captain Drummond, the “ Drummond'’ light (Fig. 30). The crucible 
shown in Fig. 31 is made of lime, which is almost the only material capable of 
withstanding such a high temperature without softening. In it such metals as 
platinum, iridium, &c., can be melted. ^ 

Hydrogen dioxide, H2O2, is also formed in small amount 
when water is evaporated; it exists in very minute quantity in 
all natural waters, and is apparently produced by the action of 
heat and light on water containing oxygen in solution. 

Hydrogen sulphide. — Hydrogen burns in sulphur vapour, 
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with formation of monosulphide, H 2 S. This may be shown by 
boiling sulphur in a flask, and introducing a jet of burning hydro- 
gen into the vapour ; the hydrogen continues to burn feebly in the 
sulphur gas. Selenium and tellurium also unite directly with 
hydrogen at about 500“. 

2. By replacement.— (a.) Action of hydrogen on an oxide. 

— This process has already been alluded to as a means of obtaining 
the elements indium, iron, germanium, tin, and lead, nitrogen, 
arsenic, antimony, and bismuth, tungsten, the metals of the plati- 
num group, and copper, silver, mercury, and gold The method 
consists in heating the solid oxide to redness in a tube through 
which a curretit of hydrogen is passing, when the hydrogen unites 
with the oxygen of the oxide, forming water, and the reduced 
element is left. In some cases higher oxides, such as manganese 
dioxide, chromium trioxidc, &c., are reduced not to the state of 
element, but only to lower oxides. Similar experiments on sulph- 
ides, selenides, and tellurides have not been thus carried out, but 
would doubtless prove efficient in many cases. 

(h.) Action of oxygen, sulphur, &c., on a compound of 
hydrogen. — All compounds of hydrogen, excepting hydrogen 
fluoride, are thus decomposed by oxygen. This is the principle of 
Deacon’s chlorine process (p. 74), and of the manufacture of 
lampblack (p. 45) ; while a useful method of preparing hydrogen 
sulphide consists in heating a mixture of paraffin wax (a mixture 
of compounds of carbon and hydrogen) with sulphur. The sul- 
phur replaces some of the hydrogen, which combines with excess 
of sulphur to form hydrogen sulphide. Similarly, by heating 
selenium with colophene, hydrogen selenide is continuously 
evolved. 

3. By double decomposition. — Water is produced by in- 
numerable interactions of this kind. For example, when many 
oxides, hydroxides, carbonates, silicates, &c., are treated with 
halogen acids, halides are formed together with water. This is 
also the usual and only available method of manufacturing hydro- 
gen dioxide.* For this purpose barium dioxide is dissolved in 
dilute hydrochloric acid until the acid is nearly neutralised. 
Dilute^ baryta- water is then added to tlie filtered and cooled 
solution in order to precipitate foreign oxides and silica, which are 
often present as impurities in commercial barium dioxide. The 
solution, again filtered, is again treated with a strong solution of 
barium hydroxide, which throws down a precipitate of hydrated 

* Th4nard, Annales (2), 9, 441; 10, 114, and 335; 11, 208. Berichte, 7, 
73; 192, 257. 

0 2 
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barium peroxide. Tbis precipitate is filtered and washed until free 
from hydrogen chloride. It is then added to dilute sulphuric acid 
(I part H5JSO4 to 5 parts H2O) with constant stirring, until th^acid 
is nearly neutralised. The precipitated barium sulphate, which is 
practically insoluble in water, is then removed by filtration, and 
the small trace of sulphuric acid remaining is precipitated by 
careful addition of dilute baryta-water. The slight precipitate is 
allowed to settle, and the clear liquid decanted and evaporated in 
a vacuum over strong sulphuric acid. The equations are as fol- 
lows : — 


BaOz + 2 HCl.Aq = BaCh.Aq -h HgOj.Aq; 

Ba(OH)2.Aq -f H202.Aq = Ba02.8H20 -h Aq ; 

Ba02.8H20 -f H 2 S 04 .Aq = BaS 04 -h H202.Aq. 

Hydrogen sulphide, selenide, and telluride are also usually 
prepared by doulile decomposition. Sulphide of iron, FeS, is 
created with dilute sulphuric acid; or sulphide of antimony, Sb^Sg, 
or stlenide of zinc or telluride of magnesium, ZnSe or MgTe, 
are treated with hydrochloric acid, thus : — 

PeS + H2S04.Aq = FeS04.Aq + H2S ; 

ShSz + GHCl.Aq = -^SbOb-Aq + SH,S ; 

ZnSe + H 2 S 04 .Aq = ZnS 04 .Aq + H^Se, 

Hydrogen sulphide, prepared from crude ferrous sulphide con- 
taining metallic iron, obtained by heating together iron and 
sulphur, always contains hydrogen. The pure gas may be pro- 
duced from antimony sulphide. Many other sulphides are simi- 
larly attacked ; among those which resist the action of acids 
(dilute sulphuric or hydrocrhloric) are the sulphides of tin, lead, 
arsenic, bismuth, platinum, &c., copper, silver, mercury, and 
gold. Certain sulphides and hydrosulphides are decomposed by 
water alone ; among these are sulphides of magnesium, alumi- 
nium, boron, silicon, phosphorus, chlorine, &c. The heating of a 
solution of magnesium hydrosulphide to 100“ causes such a reac- 
tion : — Mg(SH)2.Aq = ]y.g(OH)2 + H-iS + Aq. Tbis method 
yields pure hydrogen sulphide. The selenide and tellurid^ could 
aoubtless be similarly prepared. The gases are best collected by 
downward displacement. 

Hydrogen trisulphide is prepared in an impure state by 
])ouring into cold hydrochloric acid a solution of sodium poly- 
sulphide. The resulting yellow oil does nob correspond to the 
formula H2S3, for it contains sulphur in solution. An orange- 
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coloured compound with the alkaloid strychnine is, however, 
known, which on treatment with strong sulphuric acid yields 
coloij^less drops of the trisulphide, H^Sa. No persulphides of 
selenium or tellurium are known. 

Properties. — Water is a liquid at ordinary temperatures, 
colourless in thin layers, but blue when a white light is passed 
through a stratum 6 feet long contained in a blackened tube. Ice, 
when seen in thick masses, has also a bluish-green colour. The 
vapour of water also appears to be blue. Hydrogon sulphide, 
selenide, and telluride are colourless gases ; the first has been 
condensed to a clear liquid, and frozen to a colourless solid. 
Water, whenipure, possesses no smell or taste; hydrogen sulphide 
has the smell of rotten eggs, being produced by the decomposition 
of the albumen of eggs, which contains sulphur; the odour of 
hydrogen selenide and telluride is not so offensive as that of the 
sulphide, but they produce exceedingly disagreeable nervous effects. 
The sulphide, selenide, and telluride are exceedingly poisonous ; 
when breathed undiluted with air, instant insensibility is produced. 
Hydrogen dioxide is a colourless viscid liquid, miscible in all pro- 
portions with water. It has a faint pungent smell, and a sharp 
metallic taste. Hydrogen trisulphide has a pungent smell, and is 
insoluble in water. 

These compounds are of very different degrees of stability. 
While water decomposes only at a very high temperature — that of 
melted platinum, for example — into its elements, hydrogen sulphide 
is resolved into hydrogen and sulphur at a low red heat, and 
hydrogen selenide and telluride slowly decompose at the ordinary 
temperature. 

The dissociation of water may be shown by passing steam through a tube 
containing a spiral of platinum wire heated to whiteness by an electric current. 
The hydroi^n and oxygen produced by the dissociation mix with the steam, 
and are cooled below the temperature of ignition ; and a test-tube full of explo- 
sive gas may thus easily be collected. The dissociation gf sulphuretted hy- 
drogen may be shown by passing the gas through a red-hot glass tube, when 
sulphur deposits on the cool part of the tube. 

Hydrogen dioxide and hydrogen trisulphide are very unstable 
bodies The former, even at 18° or 20°, begins to decompose 
into water and oxygen. It thus dilutes itself, and in dilute 
solution it is morb stable. On warming even a very dilute solu- 
tion, however, it decomposes, bubbles of oxygen being evolved. 
Many substances of a porous consistency cause this decomposition 
to take place at the ordinary temperature ; and it reacts with 
certain oxides and peroxides, depriving them of oxygen^while it 
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also loses oxygen. Silver oxide, manganese dioxide, and potas- 
sium permanganate have an action of this nature. With 
silver oxide, for example, the action is shown by the equ^^-tion 
AgoO 4- H202.Aq = 2Ag 4- H20.Aq 4- O 2 . The tendency of the 
oxygen of the silver oxide to combine with one atom of the oxygen 
of the dioxide so as to form a molecule of oxygen, O 2 , causes the 
change to take place. Hydrogen dioxide cannot be vaporised 
appreciably without decomposition, but the fact of its possessing 
a smell points to its being able to exist for some time as gas.* 

Hydrogen trisulphidef when heated, at once splits up into 
sulphur and hydrogen sulphide. This decomposition occurs spon- 
taneously when hydrogen trisulpbide is kept in a sealed tube, and 
pressure rises until the resulting hydrogen sulphide is liquefied, 
solid sulphnr separating out. 

Many instances have already been given of the decomposition 
of water by elements. Some, such as sodium and calcium, decom- 
pose it at the ordinary temperature ; others, such as magne- 
sium, iron, copper, carbon, phosphorus, &c., act on it at a high 
temperature. In all such cases hydrogen is evolved, while the 
element combines with the oxygen ; the resulting oxide often itself 
combines with the excess of water, forming a hydroxide or an acid. 
Sulphuretted, seleniuretted, and telluretted hydrogen are similarly 
decomposed, yielding sulphides, selenides, and tellurides of the 
elements, with evolution of hydrogen. But when fluorine or chlo- 
rine acts on water, oxygen is evolved. 

Hydrogen sulphide, selenide, and telluride are soluble in water, 
but their solutions soon decompose on exposure to air. A solution 
of the first is largely employed as a reagent in qualitative and 
quantitative analysis. 

The presence of water can be detected and estimated by heat- 
ing the substance containing it in a current of dry air, and leading 
che current through a weighed tube containing dry calcium chlor- 
ide, phosphorus pentoxide, or strong sulphuric acid, all of which 
bodies are hygroscopic. The amount of water present is deter- 
mined by weighing the absorbing tube a second time. Hydrogen 
dioxide may be detectedj by adding to the liquid contaiiing it a 
little ether, and one drop of a solution of potassium bichromate ; 
on shaking, the ether is tinged blue, if dioxide be presen^, by a 
compound of chromium of the formula Cr 03 .H 202 , produced by 
the union of the hydrogen dioxide with the chromium trioxide, 

* Cwnftes rend.j 100, 67. 

t Comptes renduSy 66, 1095 ; Chem, Soc.j 27, 857. 

J Annales (3), 20, 364. 
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CrOa, of the bichromate. Another very delicate test is freshly pre- 
pared titanium hydroxide^ with which the peroxide gives a yellow 
colotur. Hydrogen sulphide is recognised by its smell and its 
blackening a piece of paper soaked in a solution of lead acetate ; 
black sulphide of lead is formed. 

Physical properties of water. — As water, owing to its abun- 
dance, and the ease with which it can be purified, serves as the 
standard substance for many physical constants, a somewhat detailed 
description of its physical properties is necessary. 

(a.) Mass of 1 cubic centimetre. — The mass of 1 cubic 
centimetre of water at 4"" is accepted as the unit of weight, 1 gram. 
Ice is specifically lighter than water. 1 cubic centimetre of ice at 
0“ weighs 0*917 gram ; hence ice floats in water with about 9/10 ths 
of its bulk submerged. 

(6.) Expansion. — Water, unlike other liquids, has a point of 
maximum density at 4°; when cooled below that temperature, or 
warmed above it, it expands. It is possible to cool water a few 
degrees below 0° without its freezing j it continues to expand on 
fall of temperature, instead of contracting as all other known sub- 
stances do. 

(c.) Vapour-pressures. — At 100® Centigrade, 80® Reaumur, or 
212° Fahrenheit, w^ater-vapour exerts a pressure equal to that of 
760 millimetres of mercury ; it is then at its boiling-point under 
normal atmospheric pressure. With decrease of temperature its 
vapour-pressure decreases, and at 0° its vapour-pressure is equal to 
that of 4*6 millimetres of mercury. When pressure is reduced by 
pumping out air, its temperature falls, that portion of water 
which evaporates withdrawing heat from the remainder, until at 
a pressure of 4*6 millimetres its temperature is 0°- On still 
further reducing pressure, its temperature falls still lower, but it 
is difldcult to prevent freezing. It is, however, possible to lower 
temperature to — 5° or — 7° without freezing. Ice has also a 
vapour-pressure. At 0° it is equal to that of water at the same 
temperature, viz,, 4*6 millimetres ; on reducing the pressure still 
further, the temperature of the ice falls by evaporation, exactly as 
with water, owing to its cooling itself by evolving vapour ; if heat 
be communicated to the ice, it does not raise the temperature 
of the ice, provided the pressure does not rise, but is entirely 
expended in evaporating the ice, which passes directly from the 
state of solid to that of vapour. The vapour-pressures of water 
are as follows : — 

T. 0*. 10°. 20°. 30®. 40°. 60®. 60°. 70°. 

P. mm. .• 4-60 9*16 17*40 31*65 64*91 91*98 148*79 233 09 
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T. 80®. 90°. 100*. 110°. 120°. 130°. 140°. 150°. 

P. mm. .. 354*64 525*45 760 0 1075*4 1484 2019 2694 3568 

T. 160°. 170°. 180°. 190*. 200°. 210°. ?2p°. 

P. mm 4652 5937 7478 9403 11625 14240 1^365 

T. 230°. 240°. 250°. 260°. 270°. 

P. mm 20936 25019 29734 35059 41101 

((7.) Specific heat. — The amount of heat required to raise the 
temperature of 1 gram of water through 1° is termed a calory. 
But the specihe heat of water, like that of other substances, is not 
a constant; hence the hundredth part of the heat required to raise 
the temperature of a gram of water from 0° to 100° is generally 
accepted as the value of a calory. This amount* is practically 
coincident with the amount required to raise the temperature of 
1 gram from 18° to 19°. A unit of 100 calories is employed in 

this book under the symbol K. It is better adapted to express 

large amounts of heat, such as are evolved or absorbed during 
chemical reactions. The specific heat of ice between — 78° and 0° 
is 0*474 calory per degree ; that of water-gas at constant volume is 
0*4805 calory. 

(e.) Heat of fusion of ice. — To melt 1 gram of ice, 80 calories 
are absorbed ; hence to melt 18 grams (or 1 gram-molecule) of ice 
requires 14*4 K at atmospheric pressure. 

(/.) Heat of evaporation of water. — To evaporate 1 gram of 
water at 100° into steam of that temperature requires an absorp- 
tion of 537 calories; hence to evaporate 18 grams, or 1 gram- 
molecule requires (537 X 18)/100 = 96*66 K. To convert 1 gram 
of water at 0° into steam at ^° requires an absorption of heat of 
(606*5 -h 0*305^ calories. 

(^.) Volumes of saturated steam. — From direct measure- 
ments the following numbers have been obtained : — 


Temperature 140°. 150*. 160°. 170°. 180*. 190°. 

Vol. of 1 gram ; c.c.. . 506 *0 392 *4 307 *9 246 *4 197 *1 160 *9 

Temperature 200°. 210°. 220°. 230°. 240°. 250°. 

Vol. oflgramj c.c... 129*8 108*7 89*2 73*8 62*1 52*1 


Physical 'properties of 'water, hydrogen sulphide, hydrogen s^lemde, 
and hydrogen telluride. 


Mass of 1 c.c. 

H2O. H2S. BsSe. HgTe. 

Solid.... 0*917 ? ? ? 

at 0° 

Liquid . . 1*00 1*19 ? ? 

at 4° at ? 


Melting-point. 

H 2 O. H 2 S. H 2 Se. BoTe. 
0° -85° ? ? 

at 760 Tnin. 


# 
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Boiling-point. 

H2O. H28. H,Se. H^Te. 

Liquid 100° ? ? ? 

• 

Heats of combination : — 

2H + 0 = H,0 + 681K; -f 0 + Aq = H^O^-Aq -231K. 
2H S z= n,S 47K; H 2 S + Aq = H^S.Aq -f 4GK. 

2H -h Se = H,Se - lllK. 

Proofs of the composition of the oxide, sulphide, selen- 
ide, and telluride of hydrogen. — We have seen that two 
volumes of hydrogen and one volume of oxygen unite to form two 
volumes of wliter-gas. An experiment has also been described on 
p. 62, whereby it is shown that when water is electrolysed, it 
decomposes into two volumes of hydrogen and one volume of 
oxygen approximately. From Avogadro’s law it may therefore be 
concluded that the reaction occurs between 2 molecules of hydro- 
gen and 1 molecule of oxygen, 2 molecules of water-gas being 
formed, thus : — 

2H, 4- O 2 = 2H,0, 

or in gram-molecules, 4 grams of hydrogen, occupying 11*16 X 4 
= 44 64 litres, unite with 32 grams of oxygen, occupying 
11*16 X 2 = 22*32 litres, to form 44*64 litres of water-gas weigh- 
ing 36 grams. Hence, as the weight of 11*16 litres of hydrogen is 
1 gram, water-gas under similar conditions of pressure and tem- 
perature weighs 36/4 = 9 times as much as hydrogen. Its 
molecular weight is therefore 18 ; that is, a molecule of water-gas 
weighs 18 times as much as an atom of hydrogen. 

Similarly the weight of 22 32 litres of hydrogen sulphide is 
34 grams, and its specific gravity 17 ; and the specific gravities of 
hydrogen*selenide and telluride have been found equal to 40*5 and 
64*3 respectively, giving molecular weights of 81 and 128*6. 

The fact that hydrogen sulphide contains approximately its own volume of 
hydrogen may be shown by heating in a tube, by means of a spiral of platinum 
wire traversed by a current, a known volume of hydrogen sulphide. The gas is 
decomposed into h j drogen and sulphur, and on opening the tube under water 
no contraction takes place. 

The exact quantitative composition of water has been the 
subject of numerous researches, and is even now by no means certain. 
The processes for ascertaining the composition may be grouped in 
two divisions : (1) Determination of the relative weights of 
oxygen and hydrogen gases, and of the exact prop^ortions 
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by volume in which they combine ; and (2), Synthesis of 
water by passing a known weight of hydrogen over a 
weighed quantity of red-hot copper oxide, CuO, and^ /esti- 
mating its loss of weight, the weight of the water produced 
being also determined. 

1. By the second method, Erdmann and Marchand,* in 1842, 
established the ratio between the weights of hydrogen and oxygen 
in water as 2 : 16. 

2. In the same year, Dumas also obtained the ratio 2 : 16, 

and therefore the ratio between the atomic weights of hydrogen 
and oxygen of 1 : 16.t • 

3. Stas, in 1867, determined the ratio between the atomic 
weight of silver, and the molecular weights of ammonium chloride 
and bromide, by precipitating the chlorine and bromine contained 
in weighed quantities of these compounds by silver nitrate pro- 
duced from pure silver. As he had previously determined the 
ratios of the atomic weights of silver, chlorine, bromine, and 
nitrogen to oxygen (these numbers are given on p. 23), the 
ratio of hydrogen to oxygen could be calculated. He found 

H : 0 : : 1 : 15-885,t 

4. Regnault, in 1847, found the relative densities of hydrogen 
and oxygen 1 : 15*964. § Applying a correction overlooked by him, 
but necessary on account of the decrease of the volume of the 
vacuous globe, owing to the external pressure of the atmosphere, 
the ratio is reduced to 15 939. 

5. Scott, in 1887-8,11 redetermined the ratios between the 
volumes of hydrogen and oxygen combining with one another, and 
found it to be 0 = 1, H = 1*994; applying this correction to 
Regnault’s results, the ratio 1 : 16*01 is obtained. 

6. Van der Plaats, in 1886, found the ratio 1 : 15*06 by oxi- 
dising a known volume of hydrogen. 

7. Lord Rayleigh, in 1888 and 1889,^ found the ratio 1 : 15*89, 
from the relative weights of the gases. 

8. Cooke and Richards, in 1888,** by weighing the water 

* J. pr, Chem., 26, 461. 

t Annales (3), 8, 189. *- 

X Mecherches sur les Rapports reciproques des Foids atomiques, Brussels, 
1860. , 

§ Relations des Experiences^ Paris, 1847, 151. 

'll Proc» Roy, Soc.^ 42, 396 ; Brit. Assn. Rep.^ 1888, 631. Scott has since 
found the ratio to exceed 1 : 2. 

Proc. Roy. Soc.j 43, 366. 

** Amsr, Chem. Jour.^ 10, 81. 
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produced by the combustion of known weights of hydrogen, ob- 
tained the number 15’869. Lastly, 

SI. ‘Keiser, in 1888,* weighed hydrogen in combination with 
palladium, and after combining it with oxygen, found the ratio 
1 : 15*949. 

These numbers vary between 15*869 and 16*01 ; their difference 
amounts to nearly 1 per cent., and the question cannot be regarded 
as settled. Hence, as remarked on p. 20, seeing that most atomic 
weights have been determined by the analysis of oxides, it is 
advisable to assume as the basis of atomic weight, 0 = 16, leaving 
the exact ratio between hydrogen and oxygen to the tost of further 
experiment. • 

Compounds of -water with halides. — The compounds of 
water with halides 6re very numerous. The water thus com- 
bined is generally termed “ water of crystallisation,” and com- 
pounds containing water are said to be “hydrated.” To give a 
complete list of such compounds would occupy too much space. 
In some instances, the amount of water has been stated in the 
formulae given. The same salt may crystallise with several different 
amounts of water; thus, ferric chloride, Fe2Cl6, forms the hydrates, 
Fe2Cl,5,10H2O and Fe^Cle.bHaO ; calcium chloride combines with 
water in the proportions CaCL.bH^O, and 2H2O ; and so with 
other halides. It may generally be stated that the lower the 
temperature, the larger the amount of water of crystallisation 
with which the halide will combine. The halides of hydrogen 
also form compounds with water (see p. 112), which are partially 
decomposed at the ordinary temperature ; but when distilled, an 
acid of a definite strength always comes over ; the relative 
amounts of halide and water depend, however, on the pressure. 

Some double halides are unstable, and are not known in a solid 
state unless combined with water. This is particularly the case 
with the double halides of hydrogen with those of other elements. 
The compounds SiF4.2HF, PtCl4.2HCl, and many others, are 
unknown except in combination with water. Their formulaB are 
deduced from those of their salts, i.e., from compounds such as 
SiF4.2KF, PtCl4.2KCl, &c., which can be dried. Such hydro- 
chlorides appear to be unstable unless for every molecule of 
hydrogen chloride two molecules of water are present. 

This water tends to leave the substance with which it is com- 
bined, evaporating into the air. Its vapour, therefore, exerts a 
definite pressure. If the pressure of the water- vapour in the air 

* Berichte^ 20 , 2323 . 
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be equal to or but little greater than that of the water of crystal- 
lisation, evaporation is balanced by assimilation of water, and no 
change occurs. If, however, it be greater, the compound turns<;Wet, 
and is said to “ deliquesce ; such substances are termed “ hygro- 
scopic ; if less, the compound loses water, turns opaque and 
lustreless, and is said to “ effloresce.” Water of crystallisation is 
usually expelled by heating to 100®, but a much higher tem- 
perature is often required. 

Compounds of hydrogen sulphide, selenide, and telluride with 
the halides are unknown. 

Compound of hydrogen sulphide with waiter, —Crystals 
of the compound HaS.7H20 are deposited when a saturated solu- 
tion of hydrogen sulphide in water, under a pressure slightly 
higher than that of the atmosphere, is cooled to 0*^. 
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CHAPTEE XVI. 

THK OXIDES. — CLASSIFICATION. — THE DUALISTIC THEORY. — HYDROXYL; 
THE THEORY OF SUBSTITUTION. — CONSTITUTIONAL FORMULJl. — 
MOLECULAR AND ATOMIC COMPOUNDS. — OXIDES, SULPHIDES, SBLEN- 
IDES, AND fELLURlDES OP LITHIUM, SODIUM, POTASSIUM, RUBIDIUM, 
CESIUM, AND AMMONIUM. — HYDROXIDES AND HYDROSULPHIDES.— 
PREPARATION OP SODIUM. 

The Oxides, Sulphides, Selenides, and Tellurides. 

Like the halogens, oxygen, sulphur, selenium, and tellurium form 
many double compounds. But (and this is especially true of the 
double oxides) such compounds have been usually placed in a differ- 
ent class, and viewed in a different manner from the doable 
halides. Many of the double halides are decomposed into their 
constituent single halides on treatment with water ; but there is 
no obvious sign of decomposition with most of the double oxides. 
Water, also, is an oxide, and enters into combination with other 
oxides, as, indeed, it does with halides ; but it is often expelled 
only at a high temperature, and, in one or two cases, cannot 
apparently be expelled at any temperature short of that of the 
electric arc, in which the constituent oxide is itself decomposed 
into oxygen and element. But, besides such firmly bound water, 
some oxides crystallise with water, and such “ water of crystal- 
lisation is expelled with more or less readiness at a moderate tem- 
perature, as it is from the double halides also united with water 
of crystallisation. Some double sulphides, selenides, and tellurides 
are also known, but they, unlike the double oxides, are often 
unstable in presence of water, tending, indeed, to react with the 
water in which they are dissolved, forming hydrogen sulphide and 
an oxide. The sulphides, moreover, do not, as a rule, form stable 
compounds with hydrogen sulphide, and the few compounds which 
exist have been little investigated. 

Classification of oxides. — The oxides of the commoner 
elements have long been divided into two classes ; those of the one 
class chiefly consist of the oxides of elements of low atomic weight, 
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with some marked exceptions, and have been termed acids or acid- 
forming oxides ; elements forming such oxides are generally termed 
non-metals ; while those of the other class which yield compo^’nds 
with acid oxides have been termed hases^ or basic oxides. Examples 
of the first class are : B2O3, boron oxide ; Si02, silica, or silicon 
dioxide; CO2, carbon dioxide; 8O2 and SO3, sulphur di- and tri- 
oxides; and of the second, Na^O, sodium oxide; CaO, calcium 
oxide ; AlsOa, aluminium oxide ; Pe203, iron sesquioxide, &c. In 
certain cases, an oxide may belong to both of these classes, as, for 
example, AI2O3, which combines with basic oxides, on the one 
hand, to form compounds such as Al^Oa.K^O, or KAIO2 ; and, on 
the other, with acid oxides, such as SO3, to form suchtpompounds as 
AI2O3.3SO3, or AI23SO4. And w’ith some elements, which combine 
with oxygen in seveial proportions, basic properties are displayed 
by those oxides containing least oxygen, as, for example, CrgOs ; 
while the higher oxides show acid properties, for instance, CrOa. 

The Dualistic Theory. — Such properties led Lavoisier to 
assign the nomenclature to bodies which he did, and suggested to 
Davy* the theory of “dualism,” as it was subsequently termed by 
Berzelius, its great expositor.f Inasmuch as an oxide, decomposed 
by the electric current, yields up its oxygen at the positive pole, and 
the other constituent element at the negative pole of the battery, 
Berzelius supposed that the atoms of oxygen were negatively, and 
the atoms of the element with which it is in combination, positively 
electrified. When combinations of such oxides are electrolysed, it 
was supposed by Berzelius that they also decompose in like manner, 
the electro-negative constituent of the double oxide being attracted 
to the positive pole, and the electro-positive constituent to the 
negative pole of the battery. Thus, as examples, the oxides 

+ - 4 -- +— +- 

FeO, BaO, SO3, C/O2, 

were supposed to be constituted of electro-positive and electro- 
negative atoms respectively, while the compounds 

4 - — + 

BaO.SOa, and re0.C02, 

were likewise imagined to consist of groups of atoms, .which, 
taken as a whole, themselves displayed positive or negative electri- 
fication. On these grounds, he explained the dualistic theory,* 
namely, that every chemical compound is composed of two con- 

* Phi. Trans., 1807, 1. 

t Schwaigger's Jour., 6, 119. 
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stituents, one electro-negative and one electro-positive, in combin- 
ation with each other. 

^p^t among the reasons which led to the abandonment of this 
view, two are of special importance. First, many compounds 
exist, especially of the element carbon, which cannot be repre- 
sented on the dualishic system.* Such compounds are, for example, 
CClaBr, C2H5CI, and numerous others, the molecular weights of 
which are established by their vapour- densities ; hence they have 
not such formulae as SCCb.CBri, SCaHe.CaClb, &c. Second, on 
electrolysis of solutions of compounds, such as Na2S04, or 
N'a20.S03, the basic oxide does not accumulate at the negative, 
and the acid oxide at the positive pole, but the compound splits 
into the element sodium and the group SO4, neither of which are 
stable in the presence of water, but react with it, sodium com- 
bining with its oxygen and half its hydrogen, liberating the 
other half ; while the group, SO4, parts with a fourth of its 
oxygen, remaining as SO3. It cannot, therefore, be supposed 
that compounds such as sodium sulphate, Na^O.SOs, really consist 
of two distinct portions NaaO and SO3 ; but its molecule exists as 
a complete individual, Na^SOi. In further support of the second 
argument, it has also been adduced that a similar compound, 
PbS04, lead sulphate, may be produced by the following methods : 
union of PbO and SO3; union of Pb02 and SO2; and union of 
PbS with 40 . 

The first argument is termed the argument from substitu- 
tion ; it was suggested by the French chemist, Dumas, and by the 
Swiss chemists, Laurent and Gerhardt, and its development has 
led to the classification of the compounds of carbon, and to the 
discovery of an enormous number of new bodies. t 

This view of the constitution of chemical compounds has also 
been extended to include compounds other than those of carbon, 
and compounds of which the molecular weight is absolutely un- 
known. Thus, sodium monoxide has a composition most simply 
expressible by the formula Na.O. This oxide unites with water 
with great readiness, producing the compound Na20.H20. But 
the same compound may be produced by the action of the metal 
sodium on water ; the equation is — 

• 2Na -f 2 H 2 O = 2NaHO + 

An atom of sodium expels and replaces an atom of hydrogen 
from water. The secondary action of the union of two atoms of 

* Dumas, Annales (2), 60, 113 and 140. 

t References are not introduced, as they refer almost exclusively to the 
compounds of carbon. See B. v. Meyer’s Oeschichte der Chemie^ Leipsig, 1889. 
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hydrogen to form a molecule at once occurs, and ordinary hydrogen 
is evolved. The formula NaHO is identical with the formula 
NaaO.HaO, so far as concerns the expression of the compositiQ-fi of 
the body, for NaaO.H^O = 2NaHO; but, as the further action of 
sodium on fused NaHO is to yield NaoO and hydrogen, thus : — 

2]SraHO + 2Na = Na,0 + H 2 , 

the reactions are adduced as a proof that water contains two atoms 
of hydrogen, inasmuch as the hydrogen can be replaced by sodium 
in two stages, the series of compounds being 
H 2 O, NaHO, Na^O. 

Again, many chlorides on treatment with water exchange their 
chlorine for oxygen. Thus, PCI5 with a small quantity of water 
forms PCI 3 O, thus : — 

PCI5 -f H2O = PCI3O + 2HCI, 

one atom of oxygen taking the place of two atoms of chlorine ; 
and that PCI 3 O is really the formula of the compound is proved 
by its vapour- density ; it is not BPCh.PgOs, which would express 
the same percentage composition. And so with many other 
instances. 

Constitutional or rational formulae.— The analogy between 
the halides and the hydroxides^ as bodies such as NaOH are 
termed (the word being a contraction for “ hydrogen-oxides”), is 
also a close one. Thus we have NaCl, NaOH ; CaCb, Ca(OH) 2 ; 
SiCl„ Si(OH)4, and so on ; and although no hydroxide is volatile 
enough at high temperatures, or indeed, as a rule, stable enough to 
make it possible to determine its molecular weight by means of its 
vapour- density, the analogy is an instructive one. The molecule 
of chlorine, moreover, ( 7 ^ 2 , finds its analogue in hydrogen peroxide, 
or dihydroxyl, (OH) 2 . 

The action of halides of hydrogen on the hydroxides can also 
be well represented on the scheme of replacement. Thus we have 
NaOH -h HCl = NaCl q- H.OH ; sodium hydroxide being con- 
verted into sodium chloride, while hydrogen chloride is changed 
to hydrogen hydroxide or water; and so with Ca(OH)a -f 2HCI 
= CaCla + 2H.OH. 

An example of the reverse action, viz., replacement of chlorine 
by hydroxyl, is given in the action of water on phosphorus trichlo-^ 
ride, PCI 3 , thus : — 

rCl H.OH rOH E.Cl 

P< Cl + HOH = P< OH -f H.GL 

[Cl H.OH [oh H.Gl 
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(See, however, p. 375). Certain oxychlorides of known molecular 
weight undergo similar changes, for instance : — 


V • 


so.{0| + 


H.OH 

H.OH 


SO, 


roH 

lOH 


HGl 

HGV 


and so with many other examples. Such formulae as those given 
above are termed constitutional or rational formulae, in contradis- 
tinction to empirical formulae, such as H3PO3, HaSO^, by which the 
percentage composition of the body only is expressed, and not the 
possible functions which it may exhibit. 

The action of such compounds on hydroxides may also he 
similarly represented. Thus, the formation of sodium sulphate by 
the action of sulphuric acid on sodium hydroxide is represented 
empirically : — 


H,S 04 4- 2NaHO = Na,S 04 + 2H,0. 


Its rational representation is : — 


S0,< 


OH 

OH 


, NaOH 
NaOH 


SO,< 


ONa 

ONa 




H.OH 

H.OH- 


In both instances, however, the exchange of hydrogen for sodium 
and of sodium for hydrogen is obvious. The name “ sodoxyl may 
be given to the group (ONa), and it may be supposed to exist in 
combination with itself in sodium peroxide (ONa),, or Na^O,. 

Cl 

Intermediate compounds are also known, such as SOgC^Qg-, 

chlorosulphonic acid, half chloride, half hydroxide; and S 02 <CQg^, 

sodium hydrogen sulphate, only half of the hydrogen being ex- 
pelled by sodium (see p. 421). 

This nfethod of representation has evidently great advantages ; 
it permits an insight, if only a limited one, into the constitution 
of such double oxides and chlorides; and it has been almost 
universally adopted, save among certain French chemists. It has 
been founded largely on the behaviour of compounds of carbon, 
the constitution of which is elucidated in a similar manner and 
in a nyich more extended degree. 

Molecular Compounds. — The universal acceptance of this 
^system, however, has not been wholly good. There are many com- 
pounds which cannot be thus classified, and which have conse- 
quently been relegated to the position of so-called “ molecular ” 
compounds. Such is the case with the double halides described 
in previous chapters. The name molecular ” has been aj^lied to 

P 
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all double compounds the formation of which cannot be represented 
by the device of replacement, and it has been attempted to draw a 
distinction between “ atomic ** compounds, such as the siifiple 
halides, and compounds such as those represented above, and 
“molecular’’ compounds. Thus, NaCl, OaCh, FeCb, CCI4, PFg, 
are regarded as atomic compounds, the halogen being in direct com- 
bination with its neighbour element; and such elements are 
termed monad, dyad, triad, tetrad, or pentad, according as they 
combine with one, two, three, four, or five atoms of halogen. And 
compounds such as SO^Ch, SO<,(OH)3, SO^ONa)*, POCI3, PO(OH)3, 
(fee., are also regarded as atomic compounds, inasmuch as they 
fulfil the required condition of replacement. But c 6 mpounds like 
BF3.HF, AlFs.SNaF, FeCl 3 . 2 KCl, and of double oxides with each 
other, such as MgS04.K2S04 (although the latter compounds may 
often be represented as formed by replacement) have been regarded 
as molecular or addition compounds. The water which often 
accompanies crystalline salts, commonly called water of crystalli- 
sation, has also been regarded as molecularly combined. 

Now it is questionable whether it js permissible to arbitrarily 
divide compounds into two classes without sufficient reason. And 
there is justice in the view that a uniform system of representation 
should be adopted. Yet, as we know nothing of the true internal 
arrangement of atoms in a molecule, any systems which contribute 
towards classification of like compounds, and representation of 
like changes which they undergo, may be made use of in arrang- 
ing compound bodies. The method of representing compounds 
constitutionally often’ serves a useful purpose, and likewise the 
method of representation of compounds as addition-products. There 
is advantage to be gained by representing sodium sulphate as 

S02(0H)2, inasmuch as its analogy with SOgCh and S02 <SIt 

UH 

is thereby brought out ; and there is also advantage in repre- 
senting it as SO3.H2O, inasmuch as reactions- occur in which the 
group SO3 remains unaltered, while the group H2O is affected. 
For example, on distillation with phosphorus pentoxide, the com- 
pound SO3 is liberated as such, while the water combines with the 
phosphoric oxide. Both systems of representation will therefore 
be employed as occasion offers. 

With these preliminary remarks, which apply w^utaiis mutandis 
to the sulphides, selenides, and tellurides, we proceed to the con- 
sideration of the compounds of elements of the sodium group. 
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Compounds of Oxygen, Sulphur, Selenium, and 
\’ellurium, with Lithium, Sodium, Potassium, 
Rubidium, Csesium, and Ammonium. 

The following table gives a list of these compounds : — 


Oxygen. Sulphur. Selenium. Tellurium. 


Lithium. . . . Li^O ; Iji202 P 

liiaSP 

? 

? 

Sodium,.., Na^O; Na^O^.* 

Na2S; NajS.,; Na-^Sg. 
Na2S4; N‘a2Sr,.t 

Na2Se. 

? 

Potassium . • K2O ; K2O2. 

•K2O3; K2O4.* 

IC2S j ^^282 y XI23 J. 

k>4; KoSg.f 

K2Se. 

K2TeP 

Rubidium . . Rb20 ? 

Rb.2S? 

RbsSe? 

Rb.2Te? 

Csesium .... CS2O P 

CsoSP 

CssSeP 

CsoTe? 

Ammonium . — 

(NH4),S; S,; S,; Sr, 

? 

? 


S 5 ; and S; t 


It will be seen that the compounds of potassium, sodium, and 
ammonium alone have been investigated with any degree of com- 
pleteness. 

Sources. — None of these compounds occurs free in nature ; 
the monoxides of the type M2O occur in combination with other 
oxides, especially with CO2, Si02, N2O6, and SO3, as carbonates, 
silicates, nitrates, and sulphates. 

Preparation. — 1 . By direct union. — The monoxides are pro- 
duced when thin slices of the metals are exposed to dry oxygen. 
At higher temperatures higher oxides are formed when the metals 
are heated in oxygen or nitrous oxide, N2O ; this process yields 
K,02, Na^Oi, and higher oxides. The formula of lithium monoxide 
is conjectural; the monoxides of potassium and sodium have been 
analysed. 

A mixttire of sulphides is produced on heating the metals 
with sulphur, unless excess of sulphur is used, when the penta- 
sulphides are formed. 

Ammonium monosulphide is produced by the union of am- 
monia and hydrogen sulphide at a temperature not higher than 
~ 18 °, thus : — 

2NE, + HS = {NH,)2S, 

2. By expelling or withdrawing an element from a com- 
pound.-^Sodium and potassium monoxides have been produced 

* Chem, Soc.y 14, 267 j 30, 565. 
t Pogg, Ann.y 131, 380, 

J J. jprakt. Chem.j 24, 460. 

P 2 
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by heating the hydroxides NaOH and KOH with the metal, 
thus : — 

2 NaOH -f- SlSTa = 2 NaiO -f Hg. * ^ 

The higher oxides of potassium are formed on exposing the 
dioxide to moist air ; a portion of the potassium is converted into 
hydroxide, and the remainder stays in combination with oxygen 
as trioxide and tetroxide, thus : — 

SK,0, + 2 H ,0 = 2 KOH -f -ff 2 + 2 K, 03 ; 

2K2O2 + 2H2O = 2 KOH -f + K, 04 . 

The hydrosulphides on exposure to air yield the4)oly sulphides, 
the hydrogen uniting with atmospheric oxygen, thus : — 

2KSH + 0 = K^Sa + HaO. 

The sulphates, selenates, and tellurates, when heated, do not 
lose oxygen as the chlorates, bromates, and iodates do, leaving 
sulphide, selenide, or telluride as the halogen- compounds leave 
halide ; but if hydrogen or carbon is present, oxygen is lost at a 
red heat, thus — 

IN’ 81^804 -|“ 4*1^2 ~ 4H2O "f* 
or NaaS04 -h 40 = 400 + Na^S. 

The action of heat on ammonium pentasulphide, (NH4)2S5, 
yields ammonium mono- and heptasulphides, thus : — 3(NH4)4S6 = 
2(1^114)287 -h (^JEf4)3/S- The sulphide being unstable at tempera- 
tures above — 18 °, decomposes into hydrosulphide and ammonia, 
thus : — 

(NH,)2 S = NH2 -f NH.SE, 

3 . By double decomposition. — Hydrogen sulphide passed 
over fused sodium chloride produces monosulphide, HoS + 2]SraCl 
= Na2S + 2HGI. The sulphides of potassium have also been 
produced by double decomposition; the trisulphide by exposing 
red hot potassium carbonate to the vapour of carbon disulphide, 
thus : — 

2K2CO3 4 - SCS2 = 2K3S3 -f 400 + OO3. 

And the tetrasulphide by similar treatment of the sulphate : — 

K2SO4 4 - 2CS2 = K2S4 4 - 200 4 - SO2 (•?). 

The existence of this compound is doubtful. 

By distillation of ammonium chloride with a sulphide of potas- 
sium, the corresponding ammonium sulphide is produced, e,g.y 
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K2S2 -}- 2NH4CI = 2 KC 1 4- {NHiyiSi. In this manner (NH4)2S2, 
(N 111)283, (NH4),S4, and (NHi^^Ss have been prepared. 

Liver of sulphur*’ or hepar sulphurise'* a substance which 
has been long known, is produced by fusing 4 gram molecules of 
potassium carbonate with 10 gram atoms of sulphur, thus : — 

4K2COa -f lOS = K2SO4 + 3K2S3 4- 4(702. 

It is a mixture of sulphate and trisulphide. 

Properties. — The monoxides, so far as they have been pre- 
pared, are white or grey solids. Lithium monoxide is said to be 
non-volatile at a white heat; the others melt with difficultly and 
volatilise at very high temperature. Ammonium monoxide is 
incapable of existence, decomposing at once into ammonia and 
water. 

Sodium dioxide is a white, and potassium dioxide a brownish- 
yellow solid. Potassium trioxide is lemon-yellow, and the tetroxido 
sulphur-yellow ; both fuse to orange-red liquids, turning black with 
rise of temperature, but returning to yellow on solidification. 

The sulphides of potassium, sodium, and ammonium are all 
yellow or brownish-yellow solids which have a peculiar “ hepatic ” 
smell. Ammonium heptasulphido is a deep-red substance, vola- 
tilising without dissociation at 300°. With acids, the polysulphides 
give off hydrogen sulphide, while sulphur separates as a white 
emulsion (milk of sulphur). 

Potassium seleiiide is a greyish or brownish mass ; the tellurido 
is a brittle substance with metallic lustre. Both are soluble in 
water and deposit selenium or tellurium on exposure to air. 

All these substances are soluble in water, in all probability 
combining with it. The union of the monoxides with water takes 
place with great evolution of heat, and the water cannot be ex- 
pelled on, ignition (see Hydroxides, below). But water may be 
expelled from solutions of sodium dioxide, and of sodium and potas- 
sium monoselenides and disulphides, the anhydrous salts being 
left on evaporation. Hydi’ated sulphides are known of the formula) 
K2S.2H2O, K2S.5H2O, 2Na2S.9H20, Na2S.5H20, and sulphide, 
selenide, and telluride of sodium with 9H2O. 

Little is known of the physical properties of these substances. The 
following data, however, are approximate : — 

Mass of 1 c.c.—LisO, 2*102 at 15®; NajO, 2*805; KgO, 2*656; NajS, 
2 *471 ; KgS, 2 *130. 

Volatility, — Li20 has not been volatilised ; £ 2 ^! volatilises at a red heat ; 
Na^O melts at a red heat and volatilises with difficultly. The sulphides appear 
to be difficultly volatile ; potassium pentasulphide melts at a red heat. 
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Heats of formation • — 

2Na + 0 = NagO + 804K; +H 2 O - 2NaOH + 352K; + Aq - 198K. 

2Na + S = NaoS + 870K ; + Aq = NagS.Aq + 150K. ^ ^ 

K 2 O has not been investigated. 

2K + S = KgS + 1012K:; + Aq = KgS.Aq + lOOK. 

None of these substances has been gasified ; their molecular 
weights are therefore unknown. 

Double Compounds. — Double oxides of potassium are known of the 
formula KgOg.KgO; 'Bi^0^21S^0 and KgOg.SKgO. These are biuish solids 
produced by heating potassium in oxygen or nitrous oxide. They melt to deep 
red liquids. 

Hydroxides, Hydrosulphides, Hydroselenides, 
and Hydrotellurides. 

These names are given to compounds of the oxides with water, 
or of the sulphides, &c., with hydrogen sulphide, selenide, or 
telluride. None of these compounds occurs free in nature. The 
double selenides and tellurides have not been investigated. 

Monoxides and MonosulpMdes ; Monohydrates and Monosulphydrates. 

HgO. LigO.HsO ; NagO.HgO ; KgO.HgO ; BbgO.HgO ; CsgO.HjO, — 

HgS. — NagS.HgS. KgS-KgS. — ~ (NH4)2S.H2S 


Folyhydrates and Polysulphydrate'i, 

liisO.SHgOj NagO.SHgO. KgO.SHgO 

— NaaO.SHaO. — - 

NagS, SHgO . KgS. 2^,0. 

NagS.OHgO. K2S.5H2O. 

m2S.H2S.12H20, KgS.H 2 S.H 2 O. 

Hydrated Polyoxides and Poly sulphides. 

!Nr&.g02.2!H20, K'agSg. SDCgO. iMT a^gS^. SiHgO . N'agS^.SHEgO. HaoS^^SBigO. 

NagOg-SHgO. — — K2S4.2H2O. ^ ™ 

Preparation.— 1. By direct addition.— All of these substances 
may be thus prepared. As has been remarked, it is still an open 
question whether the formula of sodium hydroxide is NaOH, one 
atom of sodium replacing one atom of hydrogen in water ; or 
NagO.HgO, which may be viewed as an additive product. If the' 
second view be chosen, the analogy with the halides is concealed, 
and the substances should be named hydrates : if the first, the 
compounds with more molecules of water are difficult to classify ; 
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and tliere appears no good reason for prefeiTing one method of 
representation to another. These remarks apply also to the 
sulpjiicjes. Similar compounds of the selenides and tellurides have 
not been investigated. 

The compound Na^O. 511^0 is prepared by crystallising a solu- 
tion of NaaO.HiO from alcohol containing 2 per cent, of water ; 
fche similar compound of potassium separates from water; this 
compound, when treated with metallic sodium, gives a liquid alloy 
of potassium and sodium. 

The hydrate, NajO.SHoO, crystallises from water. 

The compound, Na^Oa-SHoO, crystallises from water, and when 
dried over sulphuric acid it loses water, and has then the formula ’ 

Na,02 2H20.* 

The hydrates of the mono- and poly sulphides are all obtained 
by crystallising them from water. In most cases the water may 
be evaporated by heat, leaving the anhydrous sulphides. 

Ammonium hydrosulphide, NH4HS, is produced by direct 
addition of ammonia to hydrogen sulphide above —18°. 

2. By double decomposition.— The hydrates are prepared 
by (a) the action of barium hydroxide on the sulphate, thus : — 

Li 2 S 04 .Aq + Ba(OH)>.Aq = 2LiOH.Aq + BaS 04 ; 
the barium sulphate being insoluble, it may be separated by filtra- 
tion; (/)), the action of calcium hydroxide on the carbonate — 

Na 2 C 03 .Aq + Ca(0H)2.Aq = 2ISraOH.Aq + CaCO^;* 
or (c) by the action of silver hydroxide on the chloride, bromide, 
or iodide — 

KCl.Aq + AgOH = KOH.Aq + AgCl. 

The second method (h) has been long made use of in cauticising 
soda or potash, ^.e., in converting the carbonate into the hydroxide, 
named cai^stic soda or caustic 'potash ; a solution of the carbonate 
is boiled with milk of lime (^^e., calcium hydroxide stirred up 
with water) in an iron, nickel, or silver vessel, for vessels of other 
metals or of glass or china are attacked by the soluble hydroxide. 

Potassium hydrosulphide has been prepared by passing a 
stream of hydrogen sulphide over red-hot potassium hydroxide or 
carbonate, thus : — 

KOH -f HS = KSH + 

K2O.CO2 + 2IhS = 2K2S.H2S + CO2 + H,0, 

V arious other methods of preparing caustic soda and caustic 
potash (NaOH and KOH) have been employed on a manufacturing 
scale. The most important of these, which yields a mixture of 
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liydroxide and carbonate, is the Leblanc process. The principle of 
this process is the simultaneous action of calcium oxide and carbon 
on sodium sulphate. The reaction may be conceived to take jiiace 
in two stages, which, however, are not separated in practice : — 

NasSOi -f 20 = Na 2 S + 2(702,* and 

NajS -h CaO = NaaO -f CaS. 

The product is termed “ black-ash.’^ On treatment with lukewarm 
water in tanks, the hydroxide dissolves and the calcium sulphide 
remains insoluble. 

If the mixture were boiled, the hydroxide of sodium would 
react with the calcium sulphide, reversing the second of these 
equations, thus : — 2NaOH.Aq -f CaS = 2NaSH.Aq f Ca(0H)2.Aq. 
But the solution is separated from the solid as quickly as possible 
and concentrated by evaporation. During evaporation chloride 
and sulphate of sodium contained as impurities separate out ; they 
are ‘‘ fished out with perforated ladles, and hence are termed 
“fished salts;” while the solution is concentrated, freed from 
carbonate by addition of lime, and finally evaporated in hemi- 
spherical iron pots till fused caustic soda, KaOH, remains. It is 
then run into iron drums and brought to market. The principle 
of the manufacture of caustic potash is similar. 

Properties. — The hydroxides of the metals lithium, sodium, 
potassium, rubidium, and caesium of the general formula MOH 
have been termed “ caustic ” lithia, soda, &c., owing to their 
corrosive and solvent properties (kq/w, T burn). They are all 
white soluble solids melting at a red heat and volatilising at a 
white heat. When dissolved in water, great heat is evolved owing 
to combination. When fused, they attack glass and porcelain, dis- 
solving the silica of the glass and the silica and alumina of the 
porcelain ; they act on metals, converting them into oxides, with 
exception of nickel, iron, silver, and gold. Cmsium hydroxide is 
most, and lithium hydroxide least volatile. 

Sodium and potassium hydroxides usually contain as impuri- 
ties sulphates, carbonates, and chlorides. A partial purification 
may be effected by treatment with absolute alcohol in which the 
hydroxides dissolve, while the salts are insoluble. The clear solu- 
tion is decanted from the undissolved salts, the alcohol is removed 
by distillation, and the residue fused. 

If absolutely pure hydroxides are required, however, they are 
best prepared from the metal^by throwing small pieces into water, 
and subsequently evaporating the solution of hydroxide in a silver 
basin. 
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The hydrosulphides are white crystalline bodies, which fuse to 
black liquids, but turn white again on solidification. They may 
be obtained in solution by saturating solutions of the hydroxide 
with hydrogen sulphide, thus : — 

NaHO.Aq + H^S = NaHS.Aq -f H,0. 

The hydroxides volatilise as such when heated ; but hydrosulphides 
lose hydrogen sulphide, and leave the sulphides. 

Ammonium hydrosulphide dissociates into ammonia and hydro- 
gen sulphide at 50°, and above, and on cooling, the constituents 
re-unite.* It forms colourless crystals. 

Appendix.— iMELnuiacture of sodium and potassium. An indication of the 
method of preparing these metals was given on p. 30. As they are now pre- 
pared from the hydroxides, by a process devised by Mr. Ca8tner,t a short 
sketch of the manufacture is here appended. 

The following reaction takes place at a red heat between carbon and the 
hydroxide : — 6NaOH + 2C = 2 Na 2 C 03 + SIL 2 + 2Na. But if carbon is 
heated with caustic soda, the hydroxide melts, and the carbon, which is lighter 
than the soda, floats to the surface, and is for the most part unacted on. Hence 
it is necessary to weight the carbon so as to cause it to sink, or else to add some 
substance to prevent the caustic alkali fusing completely, so that the carbon 
may remain mixed with it. The old plan consisted in adding lime j but the 
temperature at which the metal distilled off was rendered so high that the yield 
was small, and the destruction of the wrought-iron tubes used as stills was 
enormous. The new method is to heat a mixture of pitch and finely-dividod 
iron (spongy iron) to redness. Compounds of hydrogen and carbon distil ofi^, 
and an intimate mixture of iron and carbon is left in a porous state. This 
mixture is introduced along with caustic soda into cast-iron crucibles provided 
with tight lids, from each of which a tube conv.eys the metallic vapour to the 
condensers, which themselves are tubes about 5 inches in diameter and 3 feet 
long, and which are placed in a sloping position so that the melted metal runs 
down into a small pot through a hole about 20 inches from the nozzle. The 
crucibles are heated by means of gas to about 1000° ; and when the distillation 
is over, in aljout an hour and a quarter, the crucible is lowered in the furnace, 
so as to separate it from the lid which is stationary; it is then withdrawn, emptied, 
recharged while still hot, and replaced. It is next lifted by hydraulic power 
till it again meets its lid, and the operation again commences. The mixture of 
sodium carbonate and spongy iron emptied from the crucible after each distil- 
lation is treated with water, the iron is recharged with carbon, and the sodium 
carbonate is converted by means of hme into caustic soda to be used in a 
subsequent operation. 

The metals potassium and rubidium can be similarly prepared ; but lithium 
and caesium must be obtained by electrolysis. 


* Engel and Moitessifer, Comptes rend.y 88, 1353. 
t Chem. NewSf 64, 218. 
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CHAPTEE XVII. 

OXIDES, SULPHIDES, SELENIDES, AND ^fELLURlDES OF THE BERYLLIUM 

• GROUP. — HYDROXIDES AND HYDROSULPHIDES. DOUBLE COMPOUNDS 

WITH HALIDES. OXIDES, SULPHIDES, SELENIDES, AND TELLURIDES 

OF THE MAGNESIUM GROUP. — HYDROXIDES AND H YDROSULPHIDES. — 
DOUBLE COMPOUNDS. 


Oxides, Sulphides, Selenides, and Tellurides of 
Beryllium, Calcium, Strontium, and Barium* 

The compounds of beryllium differ from those of the other 
metals ; those of calcium, strontium, and barium strongly resemble 
each other. 

Sources. — These compounds are never found free ; but the 
oxides occur in combination with carbon dioxide, silica, and sulphur 
trioxide, as carbonates, silicates, and sulphates. 


List. 

Oxygen. 

Sulphur. 

Selenium. 

Tellurium. 

Berjllium . • 

BeO. 

BeS. (?) 

BeSe. 

? 

Calcium. . . . 

C&O ; Cai02. 

OaS; CaS 2 ; CaS^.* 

CaSe. 

? 

Strontium . . 

SrO ; Sr02. 

•SrS; SrS 4 . 

SrSe. 

•? 

Barium .... 

BaO; BaO^. 

BaS; BaSa; BaS 5 .t 

BaSe. 

? 


Preparation. — 1. By direct union. — All of these metals 
readily oxidise when exposed to air, and burn when heated in air 
or oxygen, producing monoxides. They would also in ‘all proba- 
bility combine with sulphur, selenium, and tellurium. 

Barium dioxide is produced when the monoxide is heated to 
450® in a current of pure dry air; the polysulphides of these 
metals are also formed when the hydrosulphides are boiled with 
sulphur, thus: — Ca(SH) 2 . Aq -f S = CaS 2 .Aq -f and similarly 
with others; also by heating the monosulphides with sulphur. 

2. By heating hydroxides, nitrates, or carbonates. — 
These compounds may be viewed as compounds of the oxide^ 
with oxides of hydrogen, nitrogen, carbon, or iodine, thus; 

* Chem. Soc., 47, 478. 
t Ibid., 49, 369. 
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CaO.H^O; CaO.NiOs; CaO.COz- At a red or white heat, the 
water, nitrogen pentoxide (which splits into lower oxides of 
nitrogen , and oxygen), or carbon dioxide, are evolved as gas, 
while the non-volatile oxide of the metal remains. The Joss of 
water takes place readily with heryllium hydroxide ; slowly, 
beginning at 100°, or even lower, with calcium hydroxide, and at 
a very high temperature with strontium and barium hydrox- 
ides. The loss of takes place at a red heat in all cases. 

This method is adopted as the only practical one in preparing 
barium oxide, which is now made on a large scale. To ensure 
thorough expulsion of oxides of nitrogen, the partially decomposed 
oxide is hea^d in a vacuum.* Beryllium carbonate is decom- 
posed at low redness ; calcium carbonate begins to decompose 
below 400° ; and provided the carbon dioxide be removed by a 
current of air or steam, so that recombination cannot take place, the 
decomposition, if sufficient time be given, is complete at that 
temperature. 

The decomposition of calcium carbonate (limestone) by 
heat, termed ‘‘lime-burning’’ is carried out in “lime-kilns,” 
towers open above, with a door below, into which alternate layers 
of lime and coal are introduced from above. The coal is set on 
fire, and the “ burnt ” or “quick” lime is withdrawn below, after 
all carbon dioxide has been expelled, and when cold. Strontium 
and barium oxides may also be produced from their carbonates, but 
at a higher temperature ; it is well to mix them with a little coal, 
which reduces the carbon dioxide to monoxide, so that no recom- 
bination takes place. 

Calcium sulphide is similarly formed by heating calcium hydro- 
sulphide, Ca(SH)2 = CaS.H^S, in a current of hydrogen sul- 
phide. Strontium and barium sulphides could no doubt be 
obtained i^i an analogous manner. 

The monoxides of calcium, strontium, and barium are also 
obtainable by heating the dioxides to 450° under reduced pressure, 
or to a higher temperature. This process is made use of in pro- 
ducing oxygen on a large scale (see p. 65). 

Calcium dioxide is also said to be produced in small amount 
when the carbonate is heated to low redness. The hydrated 
dioxides may be dried by moderate heat. 

3. By double decomposition. Monoxides. — Barium mon- 
oxide is prepared by heating together barium sulphide and copper 
or zinc oxide. On treatment with water, barium hydroxide goes 
into solution. 


* Boussingault, Annales (6), 19, 464, 
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Sulphides. — The hydroxides, when heated in a current of 
hydrogen sulphide yield the monosulphides, thus : — 

Ca(OH)j + H^8 = CaS + 2H,0. 

4. By removing oxygen from the sulphates, selenates, or 
selenites by heating to redness with carbon or carbon monoxides; 
tUe sulphides or seleuides are left. The sulphides of calcium, 
strontium, and barium are thus prepared. The selenides are 
similarly prepared by heating selenates or selenites to dull redness 
in a current of hydrogen. It is in this way that barium com- 
pounds are produced from the insoluble sulphate, which is mixed 
with bituminous coal and heated to redness. The Sulphide thus 
produced is converted into the chloride by treatment with hydro- 
chloric acid, or into the oxide, by heating with copper or zinc oxide. 
The soluble hydroxide is produced ou treatment with water. 

Properties. — Monoxides. — These are white powders, or hard, 
white, or greyish-white masses. They all unite with water with 
evolution of much heat. Beryllium oxide forms the least stable, 
and barium oxide the most stable compound. Beryllium oxide is 
eaid to volatilise at a high temperature ; calcium oxide melts 
only in the electric arc, while strontium and barium oxides melt 
at a white heat. The oxides are crystalline when prepared by 
heating the nitrates in covered porcelain crucibles. Beryllium 
oxide crystallises from its solution in fused sulphate of beryllium 
and potassium, or in fused boron oxide. 

The dioxides are white substances, which evolve oxygen when 
heated, calcium dioxide most readily, barium dioxide at a bright- 
red heat ; barium dioxide is said to fuse before evolving oxygen (?). 
They dissolve in water with moderate ease, forming compounds. 

The monosulphides are white amorphous powders, very 
sparingly soluble in water, but reacting with it (see belbw). 

The monoselenides are also white, sparingly soluble powders, 
which turn red on exposure to air, owing to the expulsion of 
selenium by oxygen ; the monosulphides turn yellow, owing to 
the formation of polysulphides. The tellurides have not been 
examined. 

The polysulphides are yellow solids, soluble in ^water. 
Barium monosulphide, when heated in a current of steam, decom- 
poses it, hydrogen being evolved, and barium sulphate remaining^ 
The impure monosulphides, produced by heating the powdered 
carbonates with sulphur, or the sulphate with carbon, possess the 
curious property of remaining luminous in the dark, after having 
been exposed to light. Such substances used to be called p/ios- 
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pliori. The calcium compound used to be known as “Canton’s 
phosphorus,” and the barium compound as “ Bolopjnian phos- 
phorus.” The modern “ luminous paint ” owes its property to this 
peculiarity. 

All these oxides are converted into chlorides when heated in a 
current of chlorine. 

Uses. — Calcium oxide (lime) when heated to whiteness in the 
oxy-hydrogen flame evolves a brilliant light (Drummond’s light) ; 
barium oxide and dioxide are employed in the commercial manu- 
facture of oxygen. 

Physical Properties. — The melting and boiling-points of these bodies are 
unknown. • 

Mass of one cubic centimetre — 

BeO, CaO. SrO. BaO. BaO,. 

3T8atl4° 3-25 4*75 672 4 96 

Heats of formation: — 

Oa + O = CaO -t- 1310K ; + H.O = 155K ; + Aq = 30K. 

Sr -t- 0 = SrO + 1284K ; + HgO = 177K; + Aq = 116K. 

Ba O = BaO -H 1242 (?)K; +‘ HgO = 223Kj + Aq = 122K. 

BaO 0 = BaO^ + 172K; -1- HgOg = 102K. 

Ca + & = CaS + 869K. 

Sr -H S = SrS + 974K. 

Ba + S = BaS + 983 (?)K:. 


Double Compounds. 

(a.) With water, &0. The following bodies are known : — 


Beryllium. . 

Calcium . . • 
Strontium, . 

Barium. . . . 


Beryllium . 
Calciufh . . • 

• Strontium. . 
Barium .... 


Oxides with water. 
*3BeO.10H2O. *2Be0.3H20. 

*Be0.4H20. BeO.HgO. 
CaO.HaO. = Ca(HO)o. 
SrO.HsO = Sr(OH) 2 . 
Sr0.9H20 = Sr(OH)2.8H20. 
BaO.HoO = Ba(OH) 2 . 
Ba0.9H20 = Ba(0H)2.8H20. 

Sulphides with water. 

BeS (PlHgO. 

CaS.Bl20 =* 

CaS.4H20 ^ 

SrS.HsO = Sr(SH)(OH). ? 
BaS.HaO - Ba(SH)(OH) ? 


Dioxide with 
Dioxides hydrog-en 
with water. dioxide. 


CaOg.SHsO. — 

Sr02.8H20. — 

BaOs.SHsO. Ba02.H202. 

Sulphides with 
hydrogren sulphide. 

? 

CaS.H2S = Ca(SH)2.t 

SrS.HaS = Sr(SH)3 ? 
BaS.HgS - Ba(SH) 2 ? 


Ca(SH)(OH). 

: 0 a(SH)( 0 H). 3 H 30 . 


* The existence of these compounds is doubtful, 
t Chem, 8oc.y 46, 271 and 696. 
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Sulphide with water and hydrogren sulphide — 

Calcium CaS.H^S.6H^O = Ca(SH)2.6H.O. 

Hydrated polysulphides. — Ca2S2.3H20 j SrS4.6H20, and others. 


Preparation— Hydrated oxides, and hydroxides. 1. By 
direct addition. — All of these oxides unite with water directly ; 
beryllium oxide shows least tendency ; calcium oxide unites with 
great evolution of heat ; the water is at first absorbed, and then 
the lumps of lime grow so hot as to evolve clouds of steam, and 
break up into a bulky white powder. This is the familiar opera- 
tion of “slaking lime.” The product is termed “claked lime.” 
Barium oxide unites with water with so great an evolution of heat 
as to turn red hot when thrown into water. Calcium hydroxide is 
sparingly soluble in water, and the solubility diminishes with rise 
of temperature. At 15°, 1 gram of calcium oxide dissolves in 
779 grams of water ; at 20°, in 791 grams ; and at 95°, in 1650 grams. 
Ib would thus appear that calcium hydroxide loses water when 
heq;ted even in contact with water, and hence shows no tendency 
towards further hydration. Strontium and barium hydroxides, on 
the other hand, dissolve to some extent in hot water, and on 
cooling, crystals of Sr(0H)2.8H20, or Ba(0H)2.8H20 separate. 
At 15°, 1 gram of barium hydroxide dissolves in about 
20 grams of water ; and at 100°, in 2 grams. Strontium hydroxide 
is less soluble. Calcium hydroxide, Ca(OH)2, separates in crystals 
when its solution is evaporated in vacuo. The hydrated peroxides 
are also formed by dissolving the peroxides in water and crystal- 
lising. The compound Ba02.H202, separates from a solution of 
Ba02 in H2O3 containing water. A possible, though improbable, 
view of the constitution of the compound Ca(SH)(0H).3H20 is 
that it consists of CaO.H2S.4H2O. It is produced by passing 
sulphuretted hydrogen into a paste of calcium hydroxide and 
water. 

2. By double decomposition. — (a.) By addition of a soluble 
hydroxide (e.^., of lithium, sodium, potassium, &c., or ammonia 
and water) to a soluble compound of beryllium, calcium, strontium, 
or barium, thus : — 

CaCla.Aq -f 2KOH.Aq = Ca(OH)2 + 2KCl.Aq. 

No doubt this change always takes place to a greater or less 
extent. But as strontium and barium hydroxides are fairly soluble 
in water, they separate only when the solution is a concentrated 
one* With beryllium, the hydroxide produced by heating any 
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oluble salt, sach as the chloride, sulphate, or nitrate, with potas- 
sium hydroxide, thus ; — BeCh.Aq + 2KOH.Aq = Be(0H)2.2H20 
+ 2KCl.Aq, redissolves in excess.of the potassium hydroxide, doubt- 
less producing a soluble double oxide of beryllium and potassium ; 
but the solution of this substance, when boiled, decomposes into 
beryllium hydroxide, Be(OH) 2 , which precipitates, and potassium 
hydroxide, which remains in solution. 

Solutions of strontium and barium hydroxides give precipitates 
with soluble salts of beryllium and calcium, owing to the greater 
insolubility of the hydroxides of the latter metals. 

The hydrated peroxides may be similarly produced by addition 
of some dioxidTe, such as hydrogen or sodium dioxide, to a solution 
of the hydroxide of the metal, thus : — 

Ca(OH) 2 .Aq -f H202.Aq = CaOg.SHoO + Aq. 

As they are sparingly soluble they are precipitated. 

(6.) By the action of hydrogen sulphide on the hydroxides, 
the hydrated sulphides are formed, and in presence of excess of 
hydrogen sulphide the sulphydrated sulphides. With calcium, for 
example, the action is as follows : — 

Ca(OH) 2 .Aq + H^S = Ca(SH)(OH).Aq + H 2 O ; or 
CaO.H 2 O.Aq + = CaS.Aq + H 2 O ; 

and further, 

Ca(SH)(OH).Aq + = Ca(SH) 2 .Aq + H>0. 

If the solutions are strong and cold, the substances — 
Ca(SH)(0H)3H20 (= CaS.dHoO) and 

(= CaS.H2S.6H2O) 

separate in* crystals. 

The calcium compounds are the only ones which have been 
carefully investigated as regards their behaviour with hydrogen 
sulphide ; similar compounds no doubt exist with beryllium, 
strontium and barium, and also with hydrogen selenide and 
telluride. 

The hydrosulphide, Ca(SH)2,‘ when heated with water (as it 
cannof be obtained free from the six molecules of water with which 
it crystallises, this water reacts), gives off hydrogen sulphide, and 
the hydroxy-hydrosulphide remains, thus : — 

Ca(SH) 2 .Aq. + H 2 O = Ca(SH)(OH).Aq -f H.S. 

The hydrosulphide, when treated with sulphur, evolves hydrogen 
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sulphide with formation of a polysulphide. Such polysulphides 
fire known only in solution. 

Properties. — The hydroxides are white powders ; that of 
beryllium is insoluble in water, but dissolves in a solution of 
fimmonium carbonate, and is reprecipitated on boiling.. This 
reaction serves to separate it from aluminium hydroxide, which is 
insoluble in aqueous ammonium carbonate. The hydroxide of 
calcium is sparingly soluble in water (see p. 222), that of strontium 
more soluble, and barium hydroxide easily soluble. The hydrates 
of strontium and barium, Sr(0H)2.8H20, and Ba(0H)2.8H20, are 
white crystalline bodies, rapidly turning opaque on exposure to 
air, owing to absorption of carbon dioxide. When ^heated to 76°, 

7 molecules of water are lost, and the eighth only at a red heat. 
From this it would appear that the compound Ba0.2H20 is not 
much inferior in stability to Ba0.H20, and that the formula 
Ba(OH )2 for the latter does not express any exceptionally stable 
form of combination between water and oxide. 

The hydrated dioxides are crystalline powders, which may be 
dried in vacuo to the dioxides. That of barium, indeed, may be 
heated to over 300°, without loss of oxygen. 

The hydrosulphides are very unstable bodies, capable of exist- 
ence only when cooled by ice in presence of hydrogen sulphide. 
When placed in water at the ordinary temperature, hydrogen sul- 
phide is evolved, and the hydroxy-hydrosulphide, 

Ca(SH)(0H).3H20, 

is left. 

There appear to be various compounds of oxides and sulphides 
of these metals (the existence of which, however, requires further 
proof), e.g.f 2CaO.CaS2, 3CaO.CaS2, 3CaO.CaS3, &c., in com- 
bination with water. 

On boiling solutions of the hydroxides, calcium, strontium, or 
barium, with sulphur, poly sulphides are formed, together with 
thiosulphates, thus : — 

3Ca(OH)2.Aq + 2S -h nS = CaSaOa.Aq + 2CaSn/2. 

The poly sulphide formed depetids on the amount of sulphur pre- 
sent. A deep yellow solution is obtained from which the thio- 
sulphate separates in crystals. 

(The slaking of lime, the precipitation of calcium hydroxide with sodium 
hydroxide, the crystallisation of barium hydroxide from a hot solution ; the 
preparation of calcium sulphide by the action of hydrogen sulphide or calcium 
hy^oiide; the formation of polysulphideS of calcium on boiling “milk of 



OF MAGNESIUM, ZINC, AND CADMIUM. 225 

lime” with sulphur; and the precipitation of *‘milk of sulphur** on addition 
of sulphuric acid to the orange solution form suitable lecture experiments.) 

(c.) Double compounds with halides. — These are few in number, 
BeCl2.BeO, is said to be obtained on evaporating an aqueous solution of beryl- 
lium chloride. CaCl2.3Ga0.15H20 is prepared by boiling calcium hydroxide 
in a solution of calcium chloride, and filtering while hot ; Ba 0 l 2 >BaO. 5 H 2 O, 
BaBr 2 Ba 0 . 5 H 20 , and BaI2.BaO.5H2O are similarly prepared. 

There appear also to be indications of similar calcium and strontium 
compounds, SrCl2.SrO.9H2O having been prepared. 

It is possible to regard these compounds as bydroxychlorides, 
thus : — Ba<^Qjj.2H20, <fec. Although somewhat similar formulss 

could be constructed for more complex compounds, as, for example, 
Cl— Ca — O — Ca — O — Ca — O — Ca — Cl.lSHjO ; yet, inasmuch 
as similar double halides exist in number, which cannot in reason 
be similarly represented, it appears advisable, in the present state 
of our knowledge, to adhere to the simpler and older methods of 
representation. * 

Oxides, Sulphides, Selenides, and Tellurides of 
Magnesium, Zinc, and Cadmium. 

As many of these compounds are unaffected by air and carbon 
dioxide, and do not react or combine with water, they occm* 
native. 

Sources. — Magnesium oxide occurs as periclase ; also, in com- 
bination with water, or magnesium hydroxide, as 

hrucite, in white rhombohedra. It also occurs in combination with 
carbon dioxide, silicon dioxide, &c. Zinc oxide, ZnO, is named 
zincite or red zinc ore ; it is red owing to its containing ferric oxide 
in small quantity ; it is also found in combination with oxides of 
iron and manganese SiS franklinite. Zinc sulphide occurs as blende, 
associated with many other sulphides, both in crystalline and in 
sedimentary rocks. It is the chief ore of zinc. It has usually a 
black colour, but is white when pure. Cadmium sulphide, CdS, 
occurs as the rare mineral greenockite. Zinc oxide also occurs in 
combination with carbon dioxide and with silica. 


hist. Oxygen. Sulphur. Selenium. Tellurium. 

Magftesium . . MgrO. M^S. M^Se P BtgrTe P 

Zinc ZnO; ZnOgP ZnS; ZnSjP ZnSe. ZnTeP 

Cadmium.,.. CdO; CdOsP OdS. CdSe. CdTe. 


Preparation.—!. By direct union. — These elements all burn 
in oxygen, or when heated to a high temperature in air. Magne- 
sium burns with jel brilliant white flame, but if the supply of uir is 
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limited, the nitride, MgsNs, is simulteneously produced. The 
metal is sold in the form of thin ribbon for purposes of signalling, 
photographing dark chambers, <fec. ; and in fine dust, for signalling. 
A little powder, when thrown into a flame, gives a brilliant flash 
of light. Zinc bums with a green flame, giving ofE filmy clouds of 
oxide. Cadmium also burns to a brown oxide. 

The sulphides are also produced by throwing sulphur on to 
the red-hot metals. Zinc and cadmium do not readily combine with 
selenium ; if the metal be fused with selenium, the latter distils 
ofF, leaving the metal coated with a crust of selenide. But with 
tellurium, tellurides are produced, the boiling-point of that 
element being higher. ^ 

2. By heating a compound. — The hydroxides, carbonates, 
nitrates, or sulphates of these metals, when heated, leave the oxide. 
The hydroxides and carbonates are decomposed at a low red heat ; 
the nitrates and sulphates require a higher temperature. 

3. By double decompodition. — Sulphides of these metals are 
produced by heating the oxides in a current of hydrogen sulphide 
or carbon disulphide, thus : — 

MgO -f- S2S == Mgs -h S 2 O; and 
2MgO + CS 2 = 2MgS + CO 2 . 

Zinc and cadmium selenides have been similarly prepared. 

Inasmuch as the sulphides, selenides, and tellurides of zinc and 
cadmium are insoluble in water, they may be produced by precipi- 
tation, viz., by passing a current of hydrogen sulphide through a 
solution of a soluble salt of the metals ; thus : — 

ZnSOi.Aq + JS2S ~ ZuS + Il2S04.Aq. 

There appear good grounds for believing that this reaction 
gives not a sulphide such as ZnS, but a hydros alphide, ZnS.7^H2S. 
The body produced contains more sulphur than corresponds to the 
formula ZnS, and gives off hydrogen sulphide on heating. The 
precipitate produced as above is soluble in many acids; hence, to 
ensure thorough precipitation, the acid must be neutralised by an 
alkali, e.g.y by soda or ammonia. Acetic acid, however, has no 
solvent action ; hence precipitation is complete from a solution of 
zinc acetate. Cadmium sulphide, prepared in a similar manner, is 
also probably a hydrosulphide. It is, unlike zinc sulphide, in- 
soluble in dilute acids ; but dissolves in moderately strong hydro- 
chloric acid. 

Magnesium sulphide cannot be thus prepared; if the hydr- 
oacide is employed the hydrosulphide is produced. 
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The selenides and tellurides of zinc and cadminm may be 
similarly obtained. 

Zinc and cadminm peroxides, and probably also magnesium 
peroxide, are formed by addition of hydrogen dioxide to the 
hydroxides. They appear to be compounds of dioxide with mon- 
oxide in proportions as yet unascertained. The pentasulpbide of 
zinc is produced when a zinc salt is treated with a solution of 
potassium pentasulphide. 

Properties. — Magnesium and zinc oxides and sulphides are 
white; cadmium oxide brown, and its sulphide yellow. When 
prepared by the union of the metal with oxygen, magnesium oxide 
IS dense, and has the specific gravity 3*6. Magnesia usta^ or 
calcined magnesia, is a very loose white powder produced by 
gently glowing the hydroxycarbonate, known as magnesia alba. 
When produced from the native carbonate, magnesite, it is dense 
and hard, and is made use of as a lining for the interior of 
Bessemer converters. It is known as “ basic lining.” It is very 
sparingly soluble in water, 50,000 parts of water dissolving only 
one part of oxide ; it probably dissolves as hydroxide. It unites 
slowly with water, when it has not been strongly ignited ; and also 
attracts carbon dioxide from the air, if moist. It is soluble in all 
acids. 

Zinc oxide is also a soft white powder. When produced by 
burning zinc, it is sometimes named “ lana philosophica,^* on 
account of its woolly texture. When heated it turns yellow, but 
its white colour returns on cooling. It is insoluble in and does 
not combine directly with water, nor does it unite with carbon 
dioxide. 

Cadmium oxide is a soft brown powder. 

None of these bodies are easily volatilised, nor do they melt 
easily. 

Magnesium sulphide reacts with water, giving hydroxyhydro- 
sulphide (?) or hydroxide and hydrosulphide. It is an amorphous 
pinkish body, infusible, and burning when heated in air to oxide 
and sulphur dioxide. 

Zinc sulphide, as blende, forms compact masses of various 
colour^ due to impurities; it is usually black, and is known to 
miners as “ black-jack.” It is translucent and crystalline. When 
roasted ” or heated in air, it changes to oxide and sulphur 
dioxide. Prepared artificially, by precipitation and subsequent 
heating, it forms a white infusible powder. It is employed as a 
pigment under the name of “ zinc-white.” Its “ covering power ” 
is not so great as that of white lead (see Carbonates, p. 289), 

Q 2 - 
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but it has the advantage of not turning black on exposure to 
hydrogen sulphide as white lead does, zinc sulphide being white. 
Cadmium sulphide, as greenochite, occurs in yellow transparent 
ciystals; prepared by precipitation, it is a yellow powder, and 
is used as an artist’s colour, under the name of “cadmium 
yellow,” or ^^jaune hrillant.** It is not permanent, being easily 
oxidised by moist air. When heated to redness it turns first 
brownish, then carmine-red. It fuses at a white heat, and crys- 
tallises in scales on cooling. 

The oxygen of these oxides is displaced at a red heat by 
chlorine. 

The peroxides of zinc, magnesium, and cadmiirm are white 
powders. They do not contain enough oxygen to correspond to 
the formulas MgOa, &c., and are either mixtures or compounds of 
higher oxides with the monoxides. 

Zinc pentasulphide is a flesh-coloured precipitate, which, on 
treatment with hydrochloric acid, dissolves with effervescence of 
hydrogen sulphide, sulphur being deposited. 

Zinc selonide, ZnSe, is a yellow amorphous powder, which 
changes into yellow crystals when heated in a current of hydrogen. 
Cadmium selonide forms deep reddish-black crystals. The amorph- 
ous telluride has metallic lustre, but forms a red powder. When 
heated in hydrogen it forms ruby-red crystals; cadmium telluride 
is also a metallic-looking substance giving black crystals. These 
bodies are probably decomposed by hydrogen into the elements, 
which recombine in the cooler part of the tube. It is improbable 
that they are volatile as compounds. 

Thy si cal Troj^erties, 

Hass of one cubic centimetre : — 

Oxygen. Sulphur. Selenium, Tpllurium. 

Magnesium. ... 3 636* ? ? ? 

(crystallised) 

Zinc 5 78 at 15° 4 *05 6 ’4 at 15* 6 *34 at 15° 

Cadmium .... 8-11 4*5 6 8 at 15° 6 *2 at 15° 

(crystalline) (precipitated) 

Heats of formation : — 

Mgr + O = Mg-O + 1440K ; + HjO = 50K. 

2n -I- O = ZnO + 853K; + HgO = -26K. 

Cd -h O ^ OdO + 755K j + H^O *= - 98K. 

Mar + S = M»S + 776K. “ ^ 

Zn -h S -> ZnS + 896K. 

Cd -H S OdS + 824K:. 

* The density increases on calcination j magnesia produced by igniting qhe 

carbonate has the density 3 19 at 0°. 
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Double compounds. — (a.) With water : hydrates or hydr- 
oxides. — The mineral brucite, MgO.HaO, or Mg(OH)2, occurs 
native, usually in masses of serpentine. It crystallises in rhombo- 
hedra. Magnesium oxide, when prepared from the nitrate or 
carbonate at a low red heat, unites with water, forming a solid 
translucent substance harder than marble. After being heated to 
whiteness, it loses the property of combination with water. Zinc 
and cadmium oxides do not combine with water directly. 

Soluble salts of magnesium, zinc, and cadmium, on treatment 
with hydroxides of sodium, potassium, or barium give gelatinous 
precipitates of the hydrates. Ammonia in water (equivalent to am- 
monium hydroxide) also produces precipitates, but rcdissolves 
them if added in excess. Magnesium hydroxide does not react with 
excess of sodium or potassium hydroxides, whereas zinc and cad- 
mium hydroxides are soluble in excess of the precipitant, forming 
double compounds (see infra). 

Crystals of ZnO.HaO and of CdO.HaO are produced after some 
time by placing a stick of zinc or cadmium in aqueous ammonia, in 
contact with iron, lead, or copper. The zinc compound forms 
rhombic prisms, of 2‘68 specific gravity. And octahedral crystals 
of Zn0.2H20 have been formed by allowing a solution of Zn02K2 
to stand for some months. The following bodies are thus 
known 

Mg0.H20 = Mg(OH)2; ZnO.H20 = Zn(OH)2; 
Cd0.H20 = Cd(OH)2; Zn0.2H20. 

(h.) With hydrogen sulphide. — Zinc and cadmium sulphides 
do not appear to combine with hydrogen sulphide. But if a stream 
of that gas is led through water in which magnesium oxide or 
carbonate is suspended, a soluble compound is formed, which has 
not been Obtained solid, but which is supposed to have the formula 
MgS.H2S = Mg(SH)2, and to be magnesium hydrosulphide. 
When gently warmed, this solution evolves hydrogen sulphide, 
thus:— Mg(SH)2.Aq -h 2H2O = Mg(OH)2.Aq -f 2H28. This 
solution dissolves sulphur with a yellow colour, and may then 
contain poly sulphides of magnesium. 

T^e selenides and tellurides have not been investigated. 

(c.) Compounds of oxides with oxides. — White crystals of 
•ZnO.KsO and ZnO.NaaO [= Zn(OK)2, and Zn(ONa)2] 
separate from solutions of zinc hydroxide in caustic alkali. 
Metallic zinc dissolves in boiling caustic potash or soda, with evo- 
lution of hydrogen, thus : — Zn-|- 2 NaOH-Aq=Zn(ONa) 2 .Aq-h ifa* 
A similar cadmium compound is formed by dissolving cadmium 
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oxide in fused potassium hydroxide. On treating a solution of 
zinc hydroxide in caustic soda with alcohol, the compound 
ZnO-NajO.SHjO is thrown down in crystals. These bodies cor- 
respond to the hydroxides, the hydrogen being wholly or partially 
replaced by sodium or potassium. 

{d.) Compounds of sulphides with sulphides.— Zinc 
sulphide is said to be wholly dissolved when added to a solution 
of sodium sulphide containing a weight of sulphur equal to that 
contained in the zinc sulphide. The inference is that the 
compound ZnS.Na2S is produced. Cadmium sulphide is also 
sparingly soluble in excess of alkaline sulphides. 

Cadmium sulphide is supposed to polymerise when boiled with 
acids or with sodium sulphide; and the sulphide produced by 
treating with hydrogen sulphide cadmium hydroxide which has 
been boiled with water is vermilion-coloured. Cadmium sul- 
phide may also be obtained dissolved in water by washing the 
precipitated sulphide thoroughly, and treatment with solution of 
hydrogen sulphide. A yellow solution is produced, which coagu- 
lates on treatment with weak solutions of salts, especially those of 
cadmium. 

(e.) Compounds of sulphides with oxides.— Magnesium 
oxide heated in a mixture of carbon dioxide and disulphide is 
converted into MgO.MgS. The corresponding zinc compound has 
been prepared by heating zinc sulphate, ZnS04, in hydrogen ; and 
the cadmium compound, CdO.CdS.H^O, is thrown down as a red 
precipitate when hydrogen sulphide is passed through a boiling 
solution of a cadmium salt. The compound 4ZnO.ZnS has been 
found in zinc furnaces, 

(/.) Compounds of oxides with halides. — The following 
“ basic ” halides have been prepared by the reaction of water at a 
high temperature on the halides : — ■ ' 

2MirCl2 MgrO ; MgrOla-MgrO ; MgrCls.SMgrO ; UgCh.mgO ; Mg-CIj.lOMgO. 

ZnOl2.3ZnO ; ZnCh.QZnO ; ZnClj.OZnO. 

CdOla.OdO j OdBrj.CdO. 

These bodies crystallise with varying amounts of water ; thus crystals of 
MgClj.5MgO have been obtained with 17, 14, 8, and dEgO. Zinc oxychlorides 
possess the property of dissolving silk, but not wool or cotton, add their 
solutions are employed as a means of separating the constituents of mixed 
fabrics. The zinc oxychlorides are used by dentists as a stopping for teeth. » 
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Physical Properties. 
Mass of 1 cubic centimetre ; — 



Be. 

Ca. 

Sr. 

Ba. 

0 

302 

3T6— 3*32* 

4-5— 475» 

5'32— 5-72* 

(0H)3.. 
s 

— 

2-8 

3-63 

4*49 

Se 

— 

— 



— 

Te 

— 

— 

— 

— 



Mg. 

Zn. 

Cd. 

0 

3-20 

— 375» 

5-47— 5-78* 

6*95—8*11* 

(OH),.. 

2 

* 

CO 

2 -68—3 -05 

4*79 

S ...., 


— 

3*92—4*07* 

4 •60— 4 *91* 

Se 


— 

5*40 

6*8— 8*9 

Te 


— 

6*34 

6-20 


The asterisked higher numbers usually refer to the crystallised varieties, 
but are sometimes the results of different experimenters. 

Heats of formation : — 

Ca + O = CaO + 1310K; + H^O = Ca(OH)3 + 155K. 

Sr + O = SrO + 1284K! + HoO - Sr(OH)j + 177K. 

Ba + 0 = BaO + 1242K ; + HjO = Ba(OH)j + 223K. 

M:k+ 0 = Mg-O + 1440K! + H3O = Mg(OH)3+ 6OK. 

Zn + 0 = ZnO + 853K; + HjO = Zn(OH)3 - 26K. 

Cd + 0 .. .. + HjO = Cd(OH)3 + 657K. 

Ca + S = CaS + 896K5 Mg + S = MgS + 776K. 

Sr + S = SrS + 974K. Zn + S = ZnS + 396K, 

Ba + S = BaS + 983Ki Cd + S = CdS + 324K. 
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CHAPTER XVIII. 

OXIDES AND SULPHIDES OP ELEMENTS OF THE BOEON GROUP. — DOUBLE 
COMPOUNDS WITH WATER AND OXIDES; BORACIC ACID AND BORATES; 
HYDROXIDES OF SCANDIUM, YTTRIUM, LANTHANUM, AND YTTERBIUM. 
— OXYHALIDES ; FLUOBORATES. — OXIDES AND SULPHIDE^ OP ELEMENTS 
OP THE ALUMINIUM GROUP. — HYDROXIDES, HYDROSULPHIDES ; DOUBLE 
OXIDES AND SULPHIDES. — OXYHALIDES. 


Oxides and Sulphides of Boron, Scandium, 
Yttrium, Lanthanum, and Ytterbium. 

Of these, boron oxide and sulphide, and the oxides of the 
remaining elements of tbe group bave alone been investigated. 
The selenides and tellurides are unknown. 

Sources. — These compounds do not occur native. Boron 
oxide is found in combination with water, as B203.3H20, as 
sassolite ; with sodium oxide as horax^ 2B203.Na20.10H20 ; with 
magnesium oxide and chloride as horacitcy 8B203.6Mg0.MgCl3 ; 
and with silicon and calcium oxides as datolite, 

3SiO2.B2O3.2CaO.H2O. 

Scandium, yttrium, and ytterbium oxides are found in combination 
with silica in gadolmite, and with niobium and tantalum oxides in 
yttrotantalite, samarshitey and euxenite; while lantharium oxide 
accompanies cerium and didymium oxide in cerite, in combination 
with silica. 

List. Boron. Scandium. Yttrium. Lanthanum. Ytterbium. 
Oxygen. • B2O3. S02O3. Y2O3; Y4O9. !La203; La409. Yb203 

Sulphur . B2S3. — — — — 

Preparation.— 1 . By direct combination.— Boron bui^s in 
oxygen or nitric oxide, NO. Yttrinm is also oxidised when, 
heated in air, and lanthanum becomes covered with a steel-blue 
film. When strongly heated it takes fire and bums. The other 
elements of this group have not been prepared. Boron unites 
with sulphur at a white heat. 
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2 . By heating the hydroxides, &c. — This is the usual method 
of preparation. These substances part with water at a red heat, 
leaving the oxides. The oxalates, carbonates, and nitrates of 
scandium, yttrium, lanthanum, and ytterbium also yield the 
oxides when heated to redness. 

3 . By double decomposition. — Boron oxide mixed with 
iarbon, and heated to redness in a stream of carbon disulphide gas, 
yields the sulphide. 

Properties. — Boron trioxide, B^Os, is a non-rolatile glass, 
melting to a viscid liquid at a red heat. It reacts with and 
dissolves in alcohol and in water. When fused with the oxides of 
metals they*are dissolved, forming borates, i.e., double oxides of 
boron and the metal. The sulphide, B.Sj, is a whitish-yellow 
substance, volatile when heated in a stream of hydrogen sulphide, 
and melting at a red heat. It is decomposed by water, yielding 
boracic acid and hydrogen sulphide. 

The oxides of scandium, yttrium, lanthanum, and ytterbium 
are white powders, insoluble in water, and soluble with difficulty in 
acids. They do not react with alkaline hydroxides, nor do they 
fuse in the oxyhydrogen flame. The peroxides of yttrium and 
lanthanum are also white powders, which part with the excess of 
oxygen when heated. 

Mass of 1 cubic centimetre ; — B 2 O 3 , 1*85 grams at 14*4® ; SC 2 O 3 , 3*8 grams j 
Y 2 O 3 , 5 03 grams at 22® ; Iia 203 , 6*5 grams at 17® ; Yb 203 , 9*2 grams. 

Heat of formation: — B 2 + 30 = B 2 O 3 + 3172K; + Aq = 180K. 

Double compounds. — (a.) With water. Preparation. — 

Boron trioxide dissolves in water with evolution of heat, com- 
bining with it to form the compound B.2O3.3H.2O, or H3BO3, 
commonly called boracic acid. The same compound can also be 
prepared .by addition of sulphuric acid to a solution of borax or 
some other borate in water, when the sodium of the borax is 
replaced by hydrogen, thus ; — 

Na3B407.A.q -f* H3S04..A.q -f- 5 HaO — 4H3BO3 Na3S04.Aq. 

The boracic acid separates in pearly- white scales, which have 
a bitterish cooling taste. Boracic acid is also obtainable by the 
action of moist air on boron ; also by boiling boron with nitro- 
^hydrochloric acid, when it unites simultaneously with oxygen and 
water. 

The hydrated oxides of scandium, ytterbium, lanthanum, and 
didymium, are produced, like those of magnesium, by adding 
sodium hydroxide or any soluble hydroxide to solutions of the 
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chlorides, or any other soluble compounds of the metals. They 
are insoluble in and do not combine with these hydroxides to 
form compounds undecomposed by water. 

Boracic acid is a natural product, obtained in volcanic 
districts, especially in Tuscany, and in the Lipari Islands. The 
native form is named sassolite. Steam containing vapour of 
boracic acid issues from jets in the ground called soffioni. The 
steam from these jets is made to blow into artificial basins or' 
lagoniy where the boracic acid condenses along with the steam. 
The solution is concentrated by causing it to flow over long sheets 
of lead, heated by the waste steam of the soffioni. It finally runs 
into crystallising tanks, where the boracic acid separates out on 
cooling. The crude product contains about 76 per cent, of boracic 
acid; it is purified by recrystallisation. Other compounds of 
boron trioxide with water are produced by heating H3BO3 ; these 
are B3O3.H2O and 2B2O3.H2O. The first remains on heating to 
100 ® ; the second is left at 160 ° ; while at 270 ° the compound 
8B2O3.H3O is said to remain. 

Properties. — Boracic acid, H3BO3 (B2O3.3H2O) crystallises in 
nacreous laminsB; the other compounds are glassy substances. 
The hydrates of scandium, &c., are white gelatinous precipitates. 
Their exact composition has not been ascertained. Boracic acid is 
volatile with steam ; and it reacts also with ethyl and especially 
with methyl alcohol, forming volatile compounds. It is estimated 
by distilling with sulphuric acid and methyl alcohol ; the distillate 
is evaporated to dryness with a known weight of lime. It is used 
as an antiseptic, and is employed as a preservative of milk, fish, 
&c. A flame held in the steam evolved from a boiling solution is 
tinged green ; if alcohol be present, it burns with a green flame. 
This constitutes the usual qualitative test for boron. 

(6.) With hydrogen sulphide.— None of these possible com- 
pounds has been investigated. 

(c.) Compounds of oxides with oxides. — No compounds of 
scandia, &c., are known with the oxides of elements preceding 
them in the periodic table. They (Combine with sulphur trioxide, 
forming sulphates, colourless crystalline bodies ; with nitric pent- 
oxide, forming nitrates, <fec. These compounds are considered later. 

Boron trioxide combines with other oxides when they are 
heated together. The resulting compounds are termed borates.^ 
The most important of these is borax, sodium borate. The follow- 
ing is a list of the more typical of these compounds ; in this classi- 
fication the combined water has not been included, as there is no 
evidence that it replaces either oxide of boron or oxide of the com- 
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bined metal. The ratios are very numerous and complex. The 
metal, in the following table, has been considered analogous to 
calcium oxide, CaO, and has been termed MO in the heading. It 
would correspond to ^MaOa, or to M2O. The amount of water in 
the salts which have been prepared has been placed in brackets ; 
if another classification is adopted (see Silicates^ p. 308), it often 
becomes an integral portion of the formula. The question of these 
formulae will be treated of further on, under silicates, phosphates, 
&c. The ratio given is that of the oxygen in the boron trioxide to 
the oxygen in the metallic oxide, the water, as before stated, being 
neglected. 


Ratio 2 : 6 (2B2O3 I5MO). 
„ 2:4 (2B2O3.I2MO). 

„ 2:3 (2B2O3.9MO). 

„ 1:1 (2B2O3.6MO). 

„ 6:6 (2B2O3.5MO). 

„ 3:2 (2B2O3.4MO). 

„ 2:1 (2B2O3.3MO). 

„ 3:1 (2B2O3.2MO). 


„ 4:1 (4B2O3.3MO). 

„ 5:1 (5B2O3.3MO). 

„ 6:1 (2B303,M0). 


„ 9 ^: 1 (3B2O3.MO), 

„ 12:1 ( 4 B 2 O 3 .MO). 


15 : 1 (5B2O3.MO). 
18 : 1 (6B2O3.MO). 


2B2O3 6Mfir0.3Fe^03. 

2B2O3.4AI2O3 (6H2O ; also anhydrous). 
2B203.3Al203.(7H20). 

B2O3 31 f£t 20 } B 203 . 3 Ca 0 «CaCl 2 j 

B203.3Cd0(3H20). 

2B203.5Ba0. 

B203.2BaO } B203.2SI!srO. 

2B203.3Ca0; 2B203.3Sr0 ; 2B203.3Co0(4H20). 
B2O3 !N^8>20(3B[2^) also 41320) > K2O > CaO(2H20, 
also anhydrous) j SrO ; BaO (IOH2O, also H2O) 
Ms 0(4H20, also 8H2O) ; CdO ; 

dB203 Fe203 ^3B[20 ) j 

B 203 .Ni 0 ( 2 H 20 ); PhOCHgO); AgrsOCHgO); 
also B203.F'b0.FbCl2(H20). 

4B2O3. 3A8r20 . 

SBsOa.SSrOCTHgO). 

2B2O3.Li2O.5H2O; 2B203.Na20(10H20, horax j 
6H2O ; 5H2O \ also 3H2O) . 
K20(5H20) ; (NH4)20(3H20, also 4H2O) ; 
Ba0.(H20) ; Sr0(4H20, also anhydrous) ; 
Ba0(5H20, also anhydrous) ; Fb0(4H20). 
3B2O3.Li2O.6H2O; 3B203K20(8H20) ; 

Ba 0 ( 14 H 20 ); M?0(8H20). 

4B203.Li20.10H20 ; 4B203.Na20(10H20) ; 
(NH4)20(6H20) ; CaO(9H20); Sr0(6H20)j 
MgrOfllHjO). 

5 B 203 .Na 20 ( 10 H 20 ) ; (NH4)20(6H20). 
6B203.B:20(9H20 )j (NH 4)20(9H20 ) j 
lC8r0.(18H20). 


This list comprises nearly all the known borates. They are prepared by one 
of three methods : — ( 1 .) By mixing a solution of boracic acid with the hy- 
droxide or carbonate of the metal, eraporating, and crystallising. This method 
applies only to the borates of the elements of the sodium group ; their hy- 
droxides and carbonates, as also their borates, are soluble. ( 2 .) By heating the 
oxide or carbonate, or even the nitrate or sulphate, of the metal with boron 
trioxide to a high temperature. The mass often crystallises on cooling. The 
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borates of many oxides such as those of copper, nickel, &c., are coloured. Few 
of them have been analysed. (3.) By adding a soluble borate such as sodium 
borate to a soluble salt of the metal. A precipitate is formed with all elements 
except those of the sodium group. These precipitates, when washed with 
water, are decomposed, the boracic acid being washed out, and the hydroxide of 
the metal remaining behind. They are thus unstable compounds, largely or 
wholly decomposed by wjiter. 

The compounds containing water are almost always crystalline ; those pro- 
duced by fusion are also often crystalline, but are sometimes, like glass, amor- 
phous j those produced by precipitation are of doubtful existence, inasmuch 
as a mixture of hydroxide and borate might on analysis give numbers which 
would lead to a definite formula. 

The most important of these bodies is borax. Itrf)ccurs as an 
incrnstration on the soil of districts in Central Asia, and is known 
as tincal ; it is found most abundantly, however, in lakes in 
California, 450 miles S.E. of San Francisco, the most impor- 
tant of which is 12 miles in length and 8 miles broad ; the greater 
part of “ Borax Lake is dry, and the surface is charged with 
borax, common salt, sodium and magnesium sulphates, and salts 
of ammonium. These salts are collected and purified by recrystal- 
lisation. A solution of borax dissolves many substances insoluble 
in water, such as stearic acid, resins, arsenious oxide, &c. It is 
chiefly employed for glazing porcelain and for soldering metals ; 
the film of oxide coating the heated metal dissolves in melted 
borax, and clean surfaces of the metal can thus be brought in 
contact. It has also considerable antiseptic and detergent 
properties. 

(d.) Double compounds of sulphides, selenides, and tellu- 
rides are unknown, also (e.) compounds of sulphides and 
oxides. 

(/.) Compounds of oxides with halides. — The only com- 
pounds which have been prepared are the doilble fluorides and oxides 
of boron and metals, and an oxychloride. Boron trioxide dissolves 
in hydrofluoric acid, and the solution, when concentrated by stand- 
ing over sulphuric acid, is a syrup, which contains B2O3 and HF in 
the ratio B8O3.6HF.H2O ; it has been named fluoboric acid. The 
same liquid is obtained by saturating water with boron fluoride, 
BF3, and distilling. The existence of this body as a definite sub- 
stance appears to be questionable. It is decomposed by wate^ into 
boracic and hydrofluoric acids.* 

The oxychloride, BO 01, is produced by heating to 160® a mix- 
nre of B803 and 2BC18. It is a fuming liquid. With water it 
delds boracic and hydrochloric acids. 

Badsarow, Comptes rend., 78 , 1698. 
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Oxides, Sulphides, Selenides, and Tellurides of 
Aluminium, Gallium, Indium, and Thallium. 

These are as follows : — 

Oxygen. Sulphur. Selenium, Tellurium. 


Aluminium ^1203. AI2S3. P ? 

Gallium GaO(?) ; GaoOg. ? ? 

Indium 111403? ; In203. 111283. ? ? 

Thallium TlgO ; TI2O3; (TlOg)*. TlgS ; TlgSg. TlgSe. ? 


Sources. — Aluminium oxide, AI 2 O 3 , occurs native in a pure 
state as coi undum ; contaminated with ferric oxide as emery ; 
coloured blue by cobalt oxide as sapphire; coloured red by chromium 
oxide as ruby; coloured purple by manganese sesquioxide, as ame- 
thyst; and yellow by ferric oxide, as topaz. It also occurs in com- 
bination with water, with silica, and with other oxides (see below ; 
Silicates, p. 303; and Spinels, p. 241). Gallium and indium sulph- 
ides accompany zinc in some blendes ; and thallium is found in the 
“ flue-dust ” of pyrites burners, being contained in certain samples 
of iron pyrites., heS2. 

Preparation. — 1. By direct union. — The metals all oxidise 
when heated in air, but not very readily. Fused aluminium 
becomes coated with a film of its oxide, Al^Os ; gallium, too, 
oxidises only on its surface, even when strongly heated ; indium 
forms a film of pale-yellow In^O^, and thallium becomes covered 
with a layer of a mixture of TI.2O and TI2O3. The sulphides and 
selenides may also be prepared by direct union; TlsSs can be 
prepared only thus. 

2. By heating compounds. — (1.) The hydrates, when heated, 

yield the oxides. Aluminium hydrate loses all its water at 360° ; 
indium hydrate at 655® ; and thallium hydrate at 230°. ( 2 .) The 

compound of indium sulphide, In^Ss, with hydrogen sulphide 
loses hydrogen sulphide when heated. (3.) Aluminium oxide has 
been prepared by heating potash alum, K2S04.Ala(S04)3, towhite- 
^fcss; a mixture of potassium sulphate and alumina remains, 
sulphuric anhydride escaping ; the potassium sulphate is dissolved 
out with water, leaving the alumina. (4.) Gallium oxide has 
been prepared by heating the nitrate. 

3. By double decomposition. — Gallium sulphide, Ga^Ss, is 
produced by addition of a soluble sulphide (ammonium sulphide 
has been used) to a soluble salt of gallium ; indium sulphide, 
In^Sa, is precipitated by hydrogen sulphide, Solutions of thallous 

• In combination. 
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salts, sucli as TINO3, or TI2SO4, give with hydrogen sulphide a 
precipitate of Tl^S. If a thallic salt be used, it is first reduced to 
a thallous salt by the hydrogen sulphide, with separation of 
sulphur, and thallous sulphide is then precipitated, thus : — 

TlCh.Aq + H2S = TlCl 4- 2HCl.Aq -f S ; 

2TlCl.Aq + H2S = TI2S + 2HCl.Aq. 

When carbon disulphide gas is passed over red-hot alumina, 
some of the oxide is converted into sulphide. A similar action 
takes place with hydrogen sulphide. Indium sulphide, I1I2S3, may 
be produced in scales like mosaic gold, by fusion of indium 
trioxide, IXI2O3, with sodium carbonate and sulphur" Ho doubt 
sodium sulphate is formed at the expense of the oxygen of the 
indium oxide, and the indium combines with the excess of 
sulphur. 

4. By the action of heat, in a current of hydrogen, gallium 

trioxide gives a bluish-grey sublimate, supposed to be monoxide ; 
and indium trioxide, In^Os, similarly treated, gives a mixture of 
oxides, one of which is said to have the formula Int03. It is 
probably a mixture or a compound of IHsO with In^Ov When 
thallic oxide, TI2O3, is heated to 360® it begins to lose oxygen, 
giving the compound 3TI4O8.TI2O, which is perfectly stable up to 
665®; at higher temperatures, up to 815°, ThO volatilises away; 
and the residue TI2O3 is stable in presence of air above that 
temperature. The monoxide, TI2O, when heated in air is partially 
oxidised to TI2O3. 3 

By removing oxygen from thallous sulphate, thallous 

sulphide is left. This action is analogous to the Iciss of oxygen 
which sodium, and barium sulphates, &c., suffer when heated in 
hydrogen or with carbon. In the case of thallium, the sulphate is 
heated with potassium cyanide, KCH, which is doubtless con- 
verted into cyanate, KCNO. 

5. Special methods. — Crystalline alumina has been produced 
by fusing the amorphous variety in the oxyhydrogen flame ; by 
heating the oxide along with aqueous hydrochloric acid to 350® in 
a sealed tube ; and by melting together at a white heat aluminium 
oxide with lead monoxide (litharge), or with barium fluoride. 
The last two processes yield artificial corundum ; and if a trace of 
cobalt oxide or chromium oxide be added, artificial sapphires or 
rubies are produced.* 

Propeities. — Trioxides. — ^Aluminium and gallium trioxides 
are white powders, or friable masses ; indium trioxide has a tinge 
• Compt, rend,, 104, 737. 
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of yellow, especially when hot ; and thallium trioxide is a brown 
powder. Crystalline aluminium trioxido is exceedingly hard, and 
is insoluble in acids. The amorphous trioxide, when ignited, 
appears also to alter its structure, probably polymerising (i.e., 
several molecules unite to one), for it is then almost unattacked 
by -acids. It can still be dissolved, however, by boiling sulphuric 
or strong hydrochloric acid, forming the sulphate or chloride ; the 
crystalline variety is totally insoluble. All the trioxides are 
without action on water. 

Trisulphides, See. — Aluminium tri sulphide forms yellow 
crystals, which turn dark when heated ; the selenide and telluride 
are black non-volatile powders ; gallium trisulphide has not been 
described ; indium trisulphide is a brown powder, or gold-coloured 
scales ; and thallium trisulphide, a black, ropy substance, brittle 
below 12°. Aluminium sulphide is decomposed by water, giving 
the hydrate and hydrogen sulphide, thus : — 

Al^Sa + 3H20.Aq = Al^O^-wH^O -f SH,8. 

The other three are unchanged by water, but decompose when 
boiled with acids. 

Other oxides and sulphides. — There are no lower oxides or 
sulphides of aluminium ; the lower oxide of gallium, produced by 
heating the trioxide in hydrogen, is a bluish-grey substance. The 
lower oxides of indium are black powders. 

Thallium monoxide is a reddish-black substance, melting about 
300°, and is volatile between 585° and 800°. When heated with 
sulphur, the oxygen is replaced by sulphur. It combines directly 
with water, forming the hydrate, Tl^Q.K^O, and absorbs carbon 
dioxide from moist air. It has thus some resemblance to the 
hydroxides of the metals of the sodium group. Thallous sulphide, 
when precipitated, forms greyish or brownish flocks ; from a hot, 
slightly acid solution it comes down in blue-black crystals. It 
may be fused to a black lustrous mass like plumbago. The 
selenide is a black crystalline body. 

Physical Properties, 

1 . Mass of 1 cubic centimetre; — AI 2 O 3 : 3*98 grams at 14°; In^Os: 7*18; 

TI 2 S; 8 * 0 . 

2. Melting-point: — TI 2 O 3 : 769°. 

8 . Heats of formation ; — 2A1 -I- 38 = AI 2 S 3 + 1224K. 

2T1 + O * TI 2 O + 423K; -I- HjO =■ 33K. 

2T1 + 8 * TI 28 + 197K. 

Double compounds. — (a.) With water: hydrates or hydr- 
oxides. — ^The hydrated trioxides are produced by addition of a 
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solnble hydroxide, such as that of sodium, potassium, or barium, 
or even of thallium (TlOH), to solutions of soluble salts of the 
metals. A solution of ammonia in water acts in a similar manner, 
as if it contained ammonium hydroxide, NH4.OH. The reaction 
is as follows, e.g,^ with aluminium: — 

AbCle.Aq + GKOH.Aq = + GKCl.Aq. 

Excess of precipitant (except ammonia) dissolves the hydrates 
of aluminium and gallium ; gallium hydroxide is soluble even in 
solution of ammonia. Solution takes place owing to the formation 
of soluble double compounds (see below). 

Aluminium hydroxide may also be produced |jiy passing a 
current of carbon dioxide into a solution of potassium aluminate 
(AI2O3K2O). Potassium carbonate is formed, and the hydrate of 
aluminium precipitated. Aluminium sulphide, AI2S3, reacts with 
water, giving the hydrate and hydrogen sulphide. Hence, when 
solution of ammonium sulphide is added to a soluble aluminium 
compound, the hydrate is precipitated, whilst sulphuretted 
hydrogen is evolved. 

The sulphides are not known to form compounds with water. 

Thallium monoxide, Tl^O, dissolves in water, and on cooling, 
or. on evaporation, the solution deposits yellow needles of 
Tl.O.H^O = 2T10H. Its solution absorbs carbon dioxide from 
the air. Aluminium hydrate, prepared by precipitation, forms 
gelatinous flocks, and when dried at ordinary temperature in 
air, has approximately the formula AI2O2.6H2O. This is a 
hard, horny mass ; when heated it gives up its water. Up 
to 65° the loss is rapid, and at that temperature the hydrate 
has approximately the formula Al203,3H20. The rate of loss 
of water diminishes as the temperature rises to 150°, and 
increases up to 160°, diminishing again up to 200 °. ^The com- 
position of the hydrate between 160° and 200 ° is nearest the 
formula AI 2 O 3 . 2 H 2 O. From 200° to 250° the rate of loss of water 
is rapid, but is much slower between 250° and 290°, and here the 
formula approximates to AI2O3.H2O. Complete dehydration does 
not occur till 850° is reached. It is probable that there are many 
hydrates of alumina, but that no one is stable over any consider- 
able range of temperature. 

The action of excess of water, however, on aluminium 
amalgam yields a crystalline hydrate of the formula Al(OH)3 
== AI2O3.3H2O. 

Three natural hydrates are known, gibbsite, AI2O3.3H2O, 
bauxitSy Ala03.2Hsi0, and diaapore^ A1303.H20. Artificial crystals 



OF ALUMINIUM,* GALLIUM, INDIUM, AND THALLIUM. 241 


of gibbsite have been produced by the slow action of the carbonic 
acid of the air on a solution of aluminate of potassium ; and by 
boiling aluminium acetate or hydroxide for a long time with water, 
the dihydrate is said to be precipitated. 

Indium hydrate is a gelatinous white precipitate, which when 
air-dried has approximately the formula In^Oj-GH^O. When 
heated, it loses water gradually up to 150 °. The rate of loss then 
increases to 160 °, again to slacken. The composition between 150 ° 
and 160 ° nearly corresponds to the foraiula In203.3H20. It is not 
dehydrated till 655 ° ; and there are no signs of other hydrates. 

Air-dried hydrate of thallium has the formula TI2O3.H2O. At 
higher temperatures it is dehydrated. 

( 5 .) With hydrogen sulphide. — Indium sulphide, 
when precipitated from soluble compounds of indium with 
hydrogen sulphide, has a deep yellow colour. It can be dried in 
air, but when heated it evolves hydrogen sulphide, leaving the 
sulphide. It is probably a compound of the nature of a hydrate ; 
In^Sa .nH^S. The white precipitate produced by ammonium 
sulphide with salts of indium is also probably of this nature. It 
is soluble in solution of ammonium sulphide. 

(c.) Compounds of oxides with oxides. — On adding a 
solution of potassium hydroxide to aluminium hydrate, complete 
solution occurs when the ratio of the alumina to the potash 
is as AI2O3 : K2O ; the same compound is precipitated when a 
solution in excess of hydroxide is mixed with alcohol, in 
which caustic potash is soluble, but not the aluminate. It has 
the formula AI2O3.K2O = 2KAIO2. A similar sodium compound 
has been prepared. The compounds Al203.2Na20 and Al303.3Na20 
are also said to have been prepared. By dissolving hydrate of 
alumina in solution of barium hydroxide and evaporating, crystals 
of Al2O3.BdO.6H2O, Al2O3.2BaO.5H2O, and ALOa.SBaO.llH^O 
are successively deposited.* These bodies may be compared with 
the borates. 

The mineral named spinel is a compound of alumina with 
magnesium oxide, Ala03«Mg0. It crystallises in octahedra, and 
has been prepared artificially. Gahnite is a similar compound 
with zinc oxide of the formula Al203.Zn0, and chrysoheryl with 
beryllium oxide AhOs.BeO. 

Two compounds with barium oxide and chloride are also known, 
viz., Al203.Ba0.BaCl2 and Al203.Ba0.3BaCl2. 

Gallium oxide would, no doubt, enter into similar combinations, 
but these have not been investigated. 

• Berichtej 14, 2151; J". prakt, Chem.f 26, 885, 474; Chim. Ilewa^ 42, 29. 

B 
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A higher oxide of thalliam in combination with barium oxide is 
produced bypassing a rapid current of chlorine through potassium 
hydroxide, in which thallic hydrate is suspended. The solution 
turns violet, and with barium nitrate gives a violet precipitate 
which contains the oxide TIO^.* 

(d.) Compounds of sulphides with sulphides. — Indium sul- 
phide forms with potassium and sodium sulphides red crystalline 
compounds of the formulae lu^Ss.K^S, and InsSa.NOaS. A silver 
compound of similar formula is produced on addition of silver 
nitrate to their solutions. Thallic sulphide, TI2S3, also unites with 
thallous sulphide, Tl^S, giving black crystalline bodies. 

(e.) No compounds of oxides with sulphides ai^ known. 

(f,) Compounds with halides. — On evaporating an aqueous 
solution of aluminium chloride, it is probable that oxychlorides are 
produced, inasmuch as hydrogen chloride is evolved. On repeated 
evaporation, all aluminium remains as hydroxide. Similar com- 
pounds, but somewhat indeBnite, have been produced by the action 
of aluminium chloride on aluminium in presence of air. Gallium 
chloride, on addition of water, gives a white precipitate of oxy- 
chloride, the formula of which is unknown. 

Uses. — The chief use of alumina is as a mordant. When a salt 
of aluminium in solution is boiled in contact with animal or vege- 
table fibre, it splits into acid, and hydrate of alumina, the latter 
depositing on the fibre. The fibre has the power of absorbing 
and “fixing” colouring matters, when boiled with their solutions. 
If the colouring matter be dissolved in water along with a salt of 
aluminium, and the solution be boiled, the hydrated alumina often 
comes down in combination with the colour, giving a “ lake.'* 
Such lakes are made use of as paints. 

Physical Properties. 

Mass of 1 cubic centimetre : — 


B. Sc. Y. La. Yb. Al. Oa. In. Tl. 

0 1*85 3-8 5 0 6-5 9*2 3*90—4 0 — 7*18 — 

OH 1*49 — — - — 2*89t _ ^ — 

S — — — — — — — 8‘OOt 


Heats of formation. 

2B + 30 = B 2 O 3 + 2 X 1586Kj + SHgO = 2 B(OH )3 + 2 x 60K. 
2A1 + 30 + 3H2b = 2A1(0H)8 + 2 x 1945K. 

2T1 + 0 = TljO + 423Kj + HjO = 2T10H + 33Kj + Aq = - 32K. 
2T1 + 30 + 8 H 2 O = 2 Tl 2 (OH )3 + 2 x 432K:. 

2A1 + 3S = AI 2 S 3 + 2 X 612K:. 

2T1 + S *= TlgS + 2 X 98-5K. 

* Oazzetta, 17 , 460 . 

t A1(0H)3. 2)t<wrpore, AIO(OH) =*3*4, 

tTljS. 



243 


CHAPTEK XIX. 

OXIDES, SULPHIDES, SELENIDBS, AND TELLURIDES OF ELEMENTS OF THE 

CHROMIUM GROUP. — HYDROXIDES. DOUBLE OXIDES AND SULPHIDES. 

THE SPINELS. — OXYHALIDES. — CHROMATES, FERRATES, AND MANGA- 

NATES. PERMANGANATES.— CHROMYL AND MANGANYL CHLORIDES ; 

CHLORO-CHftOMATES. 

Oxides, Sulphides, Selenides, and Tellurides of 
Chromium, Iron, Manganese, Cobalt, and 
Nickel. 

These compouTids may be divided into five well-defined groups : 
(1) the monoxides, monosulphides, &c., sach as FeO, PeS, 
&c. ; (2) the sesquioxides, sequisulphides, &c., for example, 
PeaOg, POaSa, &c. ; (3) the dioxides, such as MnOs ; (4) the 
trioxides, of which CrOa is an instance ; and (5) the heptoxides, 
of which compounds are known in the case of manganese, MUaO?. 
The double compounds will be considered in connection with each 
group. As these bodies or their compounds are very numerous, it 
is advisable to consider them in the order of the above groups. It 
may be noticed generally that in formula, preparation, and proper- 
ties, the monoxides, &c., show a certain resemblance to those of 
magnesium, zinc, and cadmium ; while the sesquioxides, &c., are 
comparable with those of aluminium. The trioxides find their 
closest analbgues in the sulphur group ; and the compounds of 
manganese heptoxide have the same crystalline form as the per- 
chlorates. 

I. Monoxides, monosulphides, monoselenides, and mono- 
tellurides : — 


List. Oxygen. Sulphur. Selenium. Tellurium. 

Chronftjium ... — CrS. CrSe. ? 

Iron FeO. (Fe2S)FeS. FeSe. FeTeP 

Manganese . . . 1/LnO, MnS. ? ? 

Cobalt OoO. CoS. CoSe. ? 

Nickel NiO. (Ni2S)NiS. NiSe. ? 


Sources. — CrO is said to exist in combination with Cr^Oa in 
some chrome ores. PeO exists in combination with COa as carbo^ 

B 2 
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nate in spathic iron ore^ and with Fe^Os in magnetite. MnO has 
been found native. It forms crystals which reflect green, and 
transmit r^d light. NiO is also found native. PeS is sometimes 
found in meteoric iron, in combination with dinickel sulphide, 
Ni^S, as 2PeS.Ni2S. Manganous sulphide, MnS, occurs as man- 
ganese hlendey or alabandme, in iron-black lustrous cubes or octa- 
hedra. 'N’ative cobalt sulphide is known as syepoorite. It forms 
steel-grey to yellow crystals, and is used by Indian gold workers 
to give a rose-colour in burnishing gold. Nickel sulphide, NiS, 
occurs in nature as long brass-yellow needles, and is named capillary 
pyrites, or millerite. Nickel oxide, NiO, along with magnesium 
oxide, occurs as a silicate in the ore from New Calednnia. The ore 
contains about 18 per cent, of nickel oxide. 

Preparation. — 1. By direct union. — Higher oxides are pro- 
duced by the union of chromium, iron, manganese, and cobalt with 
oxygen ; but nickel burns to NiO. Iron, manganese, cobalt, and 
nickel unite directly with sulphur, selenium, and probably tellu-‘ 
rium, forming mono sulphides, «fec. 

The union with sulphur may be illustrated by heating an intimate mixture 
of iron filings with sulphur in a test tube j the mixture glows throughout, and 
is convert ed into ferrous sulphide. 

2. By heating double compounds.— Iron, manganese, cobalt, 
and nickel oxides may be obtained by heating the oxalates, thus : — 

FeCaO^ = FeO + CO -f- CO^. 

Manganese, cobalt, and nickel monoxides are produced when their 
carbonates or hydroxides are heated, thus : MnCOa = MnO -f 
002; Ni(OH)i = NiO -f Air must be excluded, except 

in the case of nickel. Nickel monoxide alone is produced on 
igniting the nitrate ; with the other metals higher oxides are 
formed. We here see a proof of the comparative' stability of 
the higher oxides ; those of chromium being most, and those of 
nickel least ^stable. 

3. By reducing a higher oxide or sulphide.— Iron sesqui- 
oxide, Pe^Oa, heated in a mixture of carbon monoxide and dioxide, 
such as is produced by the action of sulphuric acid or oxalic acid, 
is reduced to the monoxide. It is also produced in a crystalline 
form by heating iron to redness in a current of carbon 'dioxide ; 
and by heating the sesquioxide, PeoOa, in hydrogen ; between |;he 
temperatures 330° and 440° magnetic oxide, Pe 304 , is produced ; 
but from 500° to 600° the product is FeO. At still higher tem- 
peratures metallic iron is formed.* The higher oxides of cpbalt 

• CAew. Soc., 38 , 1, 606 ; 87 , 790. 
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and nickel lose oxygen when heated alone, the former at a white 
heat, the latter at a red heat. 

Chromium monosulpbide and raono»elenide, CrS and OrSe,have 
been produced by heating the sesquisulphide or selenide to redness 
in hydrogen. Ferric sulphate, Fe2(S04)3, heated in hydrogen is 
said to give Fe^S ; and ferrous sulphate, FeSOi, heated in sulphur 
vapour, FeaS. As both these bodies are strongly magnetic, there 
appears reason to suspect that they contain metallic iron ; they 
are blackish- grey powders. When heated with carbon, FeSO* is 
said to yield FeS ; cobalt sulphate behaves similarly. 

Ferrous sulphide, FeS, is produced by heating to redness the 
disulphide, tron pyrites, FeS^, or magnetic pyrites, Fe.S 3 . 3 FeS ; 
sulphur volatilises ; it may also be formed by heating pyrites, 
FeSa, with metallic iron. Cobalt sulphate, C0SO4, heated in 
hydrogen, gives an oxysulphide, CoO.CoS(see below) ; but nickel 
sulphate yields dinickel sulphide, NiaS. 

4 . By double decomposition. — Manganous oxide is most 
easily prepared by heating the dichloride, MnCl2, with sodium 
carbonate, Na2C03, and a little ammonium chloride. The reaction 
is as follows, MnCU + NaiCOa = MnO + 2NaCl -f OOz. The 
oxide is really formed by decomposition of the carbonate produced 
by double decomposition. The fused mass is deprived of sodium 
chloride by treatment with water. Higher oxides of iron or man- 
ganese, when heated with sulphur to a high temperature, yield the 
monosulphide ; the sulphur combining with, as well as replacing 
oxygen. Thus Fe-^Os and Fe304, Mn^Oa and Mn02 yield mono- 
salphides, and sulphur dioxide ; both reduction and double de- 
composition proceed simultaneously. Manganese dioxide is also 
converted into sulphide when it is heated in vapour of carbon 
disulphide, the carbon removing oxygen while manganese and 
sulphur finite. Cobalt and nickel sulphides have also been pro- 
duced by heating the oxides in a current of hydrogen sulphide or 
sulphur gas. All monosulphides (and probably also monoselenides 
and tellurides) are precipitated on adding to a soluble chromous, 
ferrous, manganous, cobalt, or nickel compound a soluble sulphide 
(selenide or telluride). Ammonium sulphide is commonly em- 
ployed. Manganese, cobalt, and nickel sulphides are also precipi- 
tated from solutions of their acetates by hydrogen sulphide. The 
typical equations are : — 

FeS04.Aq -f- (N'H4)2S.Aq = FeS -f (NH4)2S04.Aq ; 
Mn(C 2 H 302 ) 2 .Aq + = MnS -f 2 C 2 H 402 .Aq. 

Properties. — Ferrous oxide is a black amorphous powder, 
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ipyfophoric, i.e.y igniting and glowing like tinder on exposure to aij. 
it decomposes water, slowly at the ordinary temperature, quickly 
on boiling, liberating hydrogen. When prepared by the action of 
carbon dioxide on metallic iron, it forms small black lustrous 
crystals. Manganous oxide is a greyish-green powder, melting about 
1500° to a green mass. When heated to redness in a current of 
hydrogen chloride it is converted into transparent emerald-green 
octahedra. Cobalt monoxide is an olive-green, and nickel monoxide 
A greyish-green, powder. The latter has been obtained in crystals 
by fusing a mixture of nickel sulphate and potassium sulphate ; 
sulphur trioxide and its decomposition products, sulphur dioxide 
and oxygen escape, and crystals of nickel oxide remain*disseminated 
through the potassium sulphate, the latter of which can be re- 
moved by solution in water. These bodies are all insoluble in 
water, and are not easily attacked by acids. 

Chromous, ferrous, cobaltous, and nickelous sulphides when 
prepared by precipitation are black flocculent masses ; manganous 
sulphide, similarly obtained, is pale yellowish-pink. Very finely 
divided iron sulphide is green when suspended in water. Pink 
manganous sulphide when heated in a sealed tube with yellow 
ammonium sulphide (polysulphide) changes to green, owing prob- 
ably to some molecular change. When prepared in the dry way, 
chromous and cobalt sulphides are grey, ferrous aad nickel sul- 
phides brass-yellow, and the native form of manganous sulphide 
iron-black. They all exhibit dull metallic lustre. Manganous 
sulphide changes to yellow-green hexagonal prisms when heated 
to redness in a current of hydrogen sulphide. The selenides are 
white, yellow, or grey bodies, also with dull metallic lustre. All 
these substances are insoluble in water ; they react with acids, 
giving, for example, with hydrochloric or sulphuric acids, the 
chloride or sulphate of the metal and hydrogen sulphide.* Hydro- 
chloric acid, if dilute, does not attack nickel or cobalt sulphides 
unless it is heated. The action of dilute hydrochloric or sulphuric 
acid on ferrous sulphide is the usual method of preparing hydrogen 
sulphide. 

A wet mixture of iron filings, sulphur, and ammonium chloride 
turns hot, owing to the combination of the iron and sulphur. Such 
a mixture is employed in cementing iron, for example in the*' con- 
struction of submarine piers for bridges. The sulphides can all 
be fused at a white heat. Dinickel sulphide, Ni 2 S, can even be 
melted in glass vessels. 

Double compounds. — (a.) With water. — Hydrates or hy- 
droxides. These substances are prepared, as usual, by the 
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action of a soluble hydroxide or of ammonia dissolved in water 
on some soluble compound of the metal, e.^., the chloride or 
sulphate. With chromium, iron, and, in a less degree, man- 
ganese and cobalt, great care must be taken to exclude oxygen ; 
the water in which the precipitant is dissolved must be boiled 
m vacuOy to remove dissolved oxygen, and the precipitation, 
filtration, &c., conducted in an atmosphere of hydrogen. Chro- 
mous compounds are best prepared from the acetate, which is 
made by the action of nascent hydrogen from zinc and hydro- 
chloric acid on a solution of chromium trichloride. On adding 
potassium acetate, chromous acetate is precipitated as a red 
powder. Oa treatment with potassium hydroxide, it yields 
chromous hydrate, 2 Cr 0 .H 20 , as a substance yellow when wet, 
turning brown when dried.* When boiled with water, hydrogen 
is evolved, and chromic hydrate is produced. The water which it 
contains cannot be removed by heat, for the reaction takes place 
2Cr0.H20 = Cr^Oa -h 

Ferrous hydrate, FeO.HaO (?), is a white precipitate, which 
becomes much denser on standing in a solution of potassium 
hydroxide. It is sparingly soluble in water (1 in 150,000). It 
absorbs carbon dioxide from air ; and when dry it turns hot and 
oxidises on exposure to air. The wet hydrate, on atmospheric 
oxidation, turns first green, then rust coloured. 

Manganous hydrate is also white, and turns brown on exposure 
to air. It is said to contain 24 per cent, of water, and hence must 
have approximately the formula 3Mn0.4H20. It can be produced 
by boiling manganous sulphide, MnS, with caustic potash. Co- 
baltous hydrate is a dingy- red powder, prepared by boiling a solu- 
tion of cobalt dichloride with caustic potash, and collecting and 
drying the precipitate. In the cold, a blue oxychloride is precipi- 
tated. The hydrate of nickel, Ni0.2H20, occurs native, in small 
emerald-green prisms ; andNi 0 .H 20 = Ni(OH) 2 isan apple-green 
precipitate. By leaving a solution of nickel carbonate in excess 
of ammonia to crystallise, this hydrate separates m green 
crystals. 

It appears probable that the precipitated sulphides of these 
metals are in reality compounds of the sulphides with water. 

(IT.) No hydrosulphides are known ; and (c.) No double oxides 

• (d.) Compounds of Sulpliides with Sulphides : — 

2 reS.K 2 S ; obtained by igniting Pe^S 3 ,K 2 S in hydrogen. 

3MnS.K2S j dark red scales, ‘produced by heating together man- 


Annales (5), 26, 416 j Comptes rend.^ 92, 792, 1051. 



248 THE OXIDES, SULPHIDES, SELENIDES, AND TELLURIDES 

ganese sulphate^ MnSO^, with potassium sulphide and 
carbon, and dissolring out the excess of potassium sul- 
phide witji water. 

8MnS Na2S. Light red needles, similarly prepared. Also 

MnS.2Na2S. 

NiS.2FeS. A double sulphide of nickel and iron, named 
which forms bronze-yellow crystals. 

FeS.2ZnS, known as christophite^ occurs native ; also CoS.CuS, carro^ 
lite. 

(e.) Compound of oxide and sulphide. — CoS CoO, a dark grey sintered mass, 
produced by heating cobalt sulphate, C0SO4, in hydrogen. 

{f). Compounds with halides. — Chromous chloride is said to give a light grey 
oxychloride ; and cobalt chloride heated with water a greenish-blue 
oxychloride. Similar bodies, green and insoluble, are^ produced, when 
nickel chloride or iodide is heated with nickel hydroxide. Their 
formulae are unknown. 


II. Sesquioxides, sesquisulphides, sesquiselenides (the 
tellurides have not been investigated). 


List. Oxygen. Sulphur. Selenium 

Chromium 0x203. 0x583. 0x2803. 

Iron FejOa- Fe283. Fe28e3. 

Manganese Mn203. — — 

Cobalt . . O02O3. O0283. — 

Nickel Ni203. — — 


Sources. — Chromium sesquioxide exists in combination 
with ferrous oxide in chrome iron ore or chromite^ the chief source 
of chromium. It occurs in veins in serpentine rock. As chrome’ 
ochre it forms a yellow-green earthy deposit, which is found in 
Shetland. Iron sesquioxide is very widely distributed, and 
occurs as red hcematite or specular ore in large deposits in Cumber- 
land and Lancashire in early formations ; in carboniferous strata 
as brown hcematife or Umonite in the Forest of Dean, fn Glamor- 
ganshire, or associated with oolitic rocks as the earthy haematite 
of Northamptonshire and Lincolnshire. More recent deposits of 
Umonite occur as bog-iron-ore in Ireland and North Germany. 
Magnetic ore, or magnetite, FeaOa.PeO, is also very widely dis- 
tributed. It is, perhaps, the purest form of iron ore. and occurs 
as sand in Sweden. From it the celebrated Swedish iron is^made. 
Magnetic pyrites, PCaSa.PeS, and 2Pe2S3.PeS, and copper pyrites, 
Fe2S3.Cu2S, are made use of as sources of sulphur. Manganese 
sesquioxide, Mn203, occurs as braunite, and hydrated, !Dftn203.H20, 
as grey maganese ore. Wad is admixture of oxides of manganese, 
probably consisting largely of Mn203. In combination with MnO, 
it forms hausmannite, Mn203.Mn0 (see Spinels). Cobalt and 
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nickel sesquioxides do not occur native, but COjSj.CoS is known 
as liiincBite. 

Preparation. — 1. By direct union. — Chromium, heated in 
air, forms Cr^Oa; but iron, manganese, and cobalt burn to com- 
pounds of the sesquioxides and monoxides, depending on the tem- 
perature. A steel watch-spring set on fire by being tipped with 
burning sulphur, burns in oxygen with brilliant scintillations to 
FezOa.FeO, or magnetic oxide, which fuses and drops from the 
wire. 


Fia. 32. 



This forms a telling experiment, and illustrates well the direct union of 
metals of this group with oxygen. The jar in which the combustion takes 
place should stand in an iron tray, or in a plate full of water, for the fused 
oxide is certain to crack any glass tray on which it falls. 

Iron filings, heated to dull redness in a current of sulphur gas, 
forms Fe^Si ; and the corresponding selenide, Fe^SCg, has been 
similarly made. 

2 . By reducing a higher compound. — Chromium trioxide, 
CrOa, when strongly ignited, loses oxygen, forming the sesqui- 
oxide. Compounds of the trioxide, such as mercurous chromate, 
Hg,CrO„ 'ammonium dichromate, (NH0.Cr,O„ and others also 
yield the sesquioxide on ignition. Chromates, such as bichrome, 
K^Cr.Ov, at a white heat give neutral chromate, chromium 
sesquioxide, and oxygen, thus : — 2K2Cr207 = 2K2Cr04 -f Cr^Oa 
+ 30 . Manganese dioxide, at a dull-red heat, likewise loses 
oxygen, giving Mn.Oa. 

3 . ^By oxidising a lower compound. — Ferrous sulphate, 
FeS04, when distilled for the manufacture of anhydrosulphuric 
.%cid (see p. 433 ), leaves a residue of sesquioxide. It may be sup- 
posed that the ferrous oxide decomposes water-gas, arising from 
water still combined with the ferrous sulphate, producing the 
sesquioxide. Ferrous carbonate heated gently in air yields ferrous 
oxide, FeO, which unites with oxygen, forming the sesqiiioxidu. 
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It is also produced by Keating ferrous sulphate with a little nitre, 
KNO3, to supply oxygen. Ferrous oxalate, FeC 204 , yields the 
monoxide on ignition, and in air the sesquioxide is produced. The 
lower oxides of manganese, MllO and Mn 304 , when heated in 
oxvgen give the sesquioxide, when the pressure of oxygen is 
greater than 0*26 of an atmosphere. As the pressure of the 
oxygen in ordinary air is approximately one-fifth of an atmo- 
sphere, such oxidation does not occur in air, unless it be com- 
pressed. The nitrates of these metals, when heated, yield 
the sesquioxides. This is a case of simultaneous decomposition 
^ind oxidation. The nitrate is decomposed into monoxide and 
nitric pentoxide, thus : — Pe(N 04)2 = PeO -p N 2 O 6 ; bat the 
pentoxide parts with its oxygen, being itself converted into lower 
oxides of nitrogen, NO and NO 2 , thus : 2PeO 4- N 2 OS = Pe^Oa 
-f 2 N02\ and 6PeO -f ^ 2^5 = SPeaOs -h 2NO. And similarly 
with the other metals. 

4. By the action of heat on a compound. — The hydrates of 
these metals when heated leave the oxides. Ferric hydrate, when 
boiled for a long time in water, is ultimately dehydrated, and dry 
ferric oxide settles out. The nitrates and sulphates, &c., are also 
decomposed by heat, and also the borates. The excess of boracic 
acid is removed by weak hydrochloric acid. 

5. By double decomposition. — Ferric oxide is produced in 
a crystalline form when ferric chloride and lime are heated to 
redness, or when ferrous sulphate and sodium chloride are heated 
together in air. The ferrous oxide is oxidised by the air, and crys- 
tallises from the salt. The sulphides are generally prepared by 
double decomposition. Chromium sesquisulphide is obtained when 
chromium trioxide is heated to whiteness in a current of carbon 
disulphide gas ; heated in sulphur gas or in hydrogen sulphide, it 
suffers no change ; but the chloride is converted into uulphide or 
selenide by hydrogen sulphide or selenide at a red heat, and the 
hydrate, when heated to 440° in sulphur gas, or to a higher tem- 
peratare in selenium vapour, yields the sulphide or selenide. 
Cobaltio hydrate gently heated in hydrogen sulphide also gives 
cobalt sesquisulphide. Nickel sesquisulphide is unknown. 

Properties. — Oxides.— Chromium sesquioxide is an amorph- 
ous green powder; when crystalline it forms green tablet^, or, if 
produced at a high temperature, brown crystals. The amorphous 
variety, if it has not been exposed to a high temperature during its 
formation, becomes incandescent when gently heated, no doubt 
owing to polymerisation, several molecules uniting to form one. 
It is then practically insoluble in acids. This behaviour is 



OF CHROMIUM, IRON, MANGANESE, COBALT, AND NICKEL. 251 


also seen with aluminium, manganese, and iron sesquioxides. The 
crystalline varieties of chromium oxide are produced in presence 
of chlorine, or by some solvent for the oxide. Thus chromium 
oxychloride, GrO^Glzj when passed through a red-hot tube, de- 
posits crystalline oxide ; similarly, potassium dichromate, heated 
in chlorine, gives a mixture of crystalline oxide and potassium 
chloride, the excess of oxygen being expelled. Iron sesqui- 
OXide may be obtained in crystals by fusing the amorphous 
variety with calcium chloride, or by heating it in a current of 
hydrogen chloride. It would appear that in such cases the 
volatile chloride is formed ; and that it is decomposed by oxygen, 
yielding oxidfe, which is deposited in crystals. Crystalline 
varieties of the sesquioxides of cobalt and nickel, owing to their 
easy decomposition, have not been obtained. That of manganese 
has not been prepared artificially. Amorphous ferric sesquioxide 
is brown- red or red, according to the method of preparation. If 
prepared from ignited ferrous sulphate it has a fine colour, and is 
used as a paint, under the name “Venetian red.’^ It is also used 
under the name of “ rouge ” for grinding and polishing glass objects, 
such as the lenses of telescopes, &c., and as “ crocus ” to produce 
shades from purple-red to yellow, according to the amount, on 
porcelain, in combination with silica. The crystalline variety is 
black. When native, as specular ore^ it forms very lustrous 
rhombohedra ; another crystalline variety, martite^ occurs in octa- 
hedra ; while hoematite consists of kidney-shaped (botryoidal) 
masses, with a radiated crystalline structure. Manganese 
sesquioxide, when amorphous, is a black powder ; as Iraunite it 
forms brownish-black lustrous quadratic pyramids. Cobalt 
sesquioxide, prepared by heating the hydrated compound to 
600 — 700°, is a black powder, as is also nickel sesquioxide. 

These b©dies show different degrees of stability. While 
chromium sesquioxide can be fused at a white heat without change, 
iron sesquioxide is converted into Fe^Oi, and at a bright-red heat, 
manganic sesquioxide gives Mn 304 . Cobalt and nickel sesqui- 
oxide lose oxygen at a dull-red heat, giving CO 3 O 4 and NiO 
respectively. Cobaltic oxide, as borate, is made use of as a black 
pigment in enamel painting. Chromium sesquisulphide and 
sesqui^elenide form brilliant black plates ; iron sulphide and 
selenide are yellowish- grey with metallic lustre ; and cobalt 
sesquisulphide forms a dark iron-grey mass. 

Double compounds. — (a.) With water : hydrates or hydr- 
oxides. — These are produced as usual from a soluble salt of the 
hydroxide. Those of cobalt and nickel are formed by the 
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action of an alkaline solution of sodium or potassium hypo- 
chlorite on a salt of the metal. Hydrated monoxide is produced 
and further oxidised by the hypochlorite, thus : — 

2CoO.'/?H 20 + NaClO.Aq = C0203.7^H20 -|- NaCl.Aq. 

Cobalt is more easily oxidised than nickel, for chlorine water 
converts the hydrated monoxide into the.sesquioxide, thus : — 

2CoO.?iH20 4 - Cb.Aq -h H3O = 00,03.^21120 -1- 2HCl.Aq. 

Hydrated chromium sesquioxide is dissolved by excess of cold 
caustic potash or soda, but is precipitated on warming (see 
below). * « 

There are two varieties of chromic salts, which are respectively 
green and violet. Both varieties g^ive with alkalis a grey-green 
precipitate. By varying the conditions, the following hydrates 
have been prepared r — 

Cr203,9H20. Grey- violet powder. 

Cr^Oa.THaO. Greyish-green; soluble in alkali with violet 
colour. 

CrjOa.bHgO. Green, gelatinous, drying to a hard black mass. 

Cr203.5H20. Similar to last. 

Cr203.4H20. Green ; by boiling chromic chloride and caustic 
alkali. 

Cr203.2H20. Ouignef s or JPannetier's green ; produced by heat- 
ing bichrome, K2Cr207, and borax. Oxygen is lost, and a borate 
of chromium and alkali is formed. On treatment with water, the 
borate is decomposed, leaving the hydrate. This body is a fine 
green pigment. 

These hydrates dissolve in cold acids, giving violet salts, the 
solutions of which turn green when warmed, most probably owing 
to the formation of a basic salt. Thus chroraV sulphate, 
Cr2(S04)3.Aq (or Cr3O3.3SO3.Aq), when wat*med, is supposed to 
give Cr20.(S04)2.Aq (or Cr2O3.2SO3.Aq), losing the elements of 
sulphuric anhydride. 

No native form of chromium hydrate is known. 

Ferric .hydrates are found native. Brown or yellow clay iron 
ore is supposed to be the trihydrate, PeaOa.SHgO or P^e(OH)3; 
xanthosiderite is Fe203.2H20, or Pe20(0H)4 ; and gotliite or needle 
iron ore, Fe^Oa.HgO or FeO.(OH). Limonite is 2 Fe 203 . 3 Hj 0 ; 
and turgite, 2Fe203.H20. Precipitated hydrate, dried in air, 
possesses the approximate formula Fe203.6H20 ; when heated, 
water is gradually lost, no sign of formation of intermediate 
hydrates being found. It is probable that there are many 
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hydrates, each of which is stable within a very limited range of 
temperature; hence, on drying, indefinite mixtures are produced.* 
By prolonged boiling in water, the hydrate FegOa.HaO is produced, 
and after a long time the precipitate consists of anhydrous sesqui- 
oxide ; it appears, therefore, that the hydrate may lose water even 
in presence of. great excess of water at 100°. Hydrate of iron is 
used as a mordant (see aluminium hydrate, p. 242). It produces 
stains of “ iron-mould ” on linen ; these can be removed by oxalic 
acid, and a little metallic tin to reduce the iron from sesquioxide 
to monoxide, which is more easily soluble. 

Hydrated manganese sesquioxide occurs native as manganite 
or grey manganese ore ; its formula is Mn 20 j.H 20 . Wad^ a 
mixture of oxides of manganese, probably contains some other 
hydrates. Both ferrous and manganous hydrates, suspended in 
water, when shaken with oxygen or air, are converted inio 
hydrated sesquioxides. That of iron is rust-brown, and of man- 
ganese dark-brown. 

Hydrated sesquioxides of cobalt and nickel are black 
precipitates. That of nickel is said to have the formula 

Ni^Oa.SH^O. 

It is probable that the sesquisulphides, produced by precipita- 
tion, are also hydrated. A green flocculent precipitate is pro- 
duced by addition of a polysulphide of ammonium, (NH 4 ) 2 Sn 
(yellow sulphide), to a solution of ferric chloride, to which a small 
quantity of chlorine water or solution of bleaching powder has 
been added. With excess, it is oxidised and dissolved. This 
green precipitate is soluble in ammonia with a green colour, 
possibly giving a double sulphide. Its formula is said to be 
2Pe2S3.3H20. A cobaltic salt gives, with hydrogen sulphide, a 
dark- grey precipitate of cobalt sesquisulphide, also probably 
hydrated. •No similar nickel compound has been prepared. 

(5.) No compounds with hydrogen sulphide are known. 

(c.) Compounds of oxides with oxides.— As has been stated, 
hydrated chromium sesquioxide dissolves in cold solutions of the 
hydroxides of potassium of sodium, but is reprecipitated on 
warming. This behaviour is so far analogous to that of alumi- 
nium hydrate ; the double oxide of aluminium and alkali-metal, 
however, is more stable than that formed by chromium, for its 
solution can be boiled without change. The other hydrates of 
this group are insoluble in alkalis. 

The Spinels. — Compounds of these sesquioxides with mon- 
oxides of dyad metals form a very important group of minerals, 
* Chem. Soc.f 63, 60. 
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crystallising in octahedra, or in rhombic dodecahedra, named 
spinels, the name spinel being generally applied, bnt being 
specially applicable to the oxide of aluminium and magnesium, 
AlAMgO. The following is a list : — 

OrgOs.FeO ; chromite^ or chrome-iron ore. AI2O3 ZnO; gahnite. 

Fe203.Fe0 ; magnetite^ or magnetic iron ore. Al^Og.FeO ; zeilanite. 

Vo^^.HL^O'^magnesio-ferrite. Al203.Be0 ; chrysoheryl. 

Fe20s.ZuO ; framlclinite. Mn203.Zn0 ; hetaerolite. 

AloOs.MgrO; spinel. Mn 20 s.MnO; hausmannite. 

Besides these, Cr^Oa.ZnO, CraOg.CrO, 0r203.Mn0, Fe203.Ca0, C02O3.C0O, 
and Ni203.Ni0 have been made artificially.* 

Chromous hydrate, Cr(OH) 2 , made by addition of caustic 
soda to chromium dichloride, when exposed to air, changes to a 
8 nufF- coloured powder, of the formula Cr^Oj.CrO. It has not 
been obtained crystalline. When iron wire and lime are heated to 
whiteness in presence of air, black crystals of PeaOs.CaO are pro- 
duced; the same compound is formed by strongly igniting a 
mixture of hsBmatite and chalk. Franhlinite, Pe^Os.ZnO, has 
been produced by strongly igniting a mixture of iron sesquioxide, 
zinc sulphate, and sodium sulphate. The zinc oxide remaining 
after decomposition of the sulphate combines with the oxide of 
iron. The sodium sulphate may act as a solvent. Iron, man. 
ganese, and cobalt sesquioxides lose oxygen, the first at a white 
heat, the second at bright redness, the last at a dull-red heat, 
giving these complex oxides. That of iron is the important magnetic 
iron ore, occurring largely in Sweden. Manganoso-manganic 
oxide is a reddish-brown powder, which turns black when heated, 
but recovers its red colour on cooling. Cobaltoso-cobaltic and 
nickeloso-nickelic oxides form grey octahedra with metallic 
lustre. That of cobalt may be produced by heating f^he nitrate 
or oxalate to redness, and boiling the residue with hydrochloric 
acid; and that of nickel by heating nickel dichloride, NiCl 2 , 
to 360 — 400® in a current of moist oxygen. Manganese dichloride, 
on exposure to moist air, is also changed into the crystalline oxide ; 
and it may also be produced by heating manganous oxide, MnO, 
to redness in water-gas. 

These bodies are also known in a hydrated condition. 

The snuff-coloured powder, obtained as described, from chrom^ 
ous oxide in air, is probably hydrated. A dingy green hydrate of 
ferroso- ferric oxide is produced by oxidation of ferrous hydrate ; 
and black hydrates are precipitated by addition of an alkali to a 


• Comptes rend., 104 , 580 . 
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mixture in molecular proportions of a ferrous and ferric salt, 
thus : — 

FeCh.Aq -f 2FeCl3.Aq + SKOH.Aq = SKCl.Aq -f 

Like the anhydrous oxide, Pe304, these hydrates are magnetic. 
A solution of manganoso- manganic oxide in phosphoric acid gives 
a brown precipitate with potash, doubtless of hydrate. 

A few other double compounds are known, in which the sesqui- 
oxide and protoxide are present in different ratios. Thus, by 
addition of ammonia solution to a solution of a mixture of calcium 
chloride and chromium trichloride, the body Cr203.2Ca0 is pre- 
cipitated. A Somewhat similar compound, but containing calcium 
chloride in addition, of the formula Fe203.2Ca0.CaCl2, crystal- 
lises from a solution of iron sesquioxide and lime in fused calcium 
chloride, in shining black prisms. And lastly, by heating a 
mixture of hydrated ferric oxide, potassium carbonate, and potas- 
sium chloride, till the latter is volatilised, ferric oxide, in combina- 
tion with a small quantity of water and potassium oxide, remains 
as transparent red-brown crystals. 

“ Smithy scales ” are produced by heating iron to redness in 
air. Two layers are formed ; the outer layer has approximately 
the composition Fe304 ; the inner layer forms a blackish-grey, 
porous, brittle mass, and has the formula Fe203.6Fe0. Ferroso- 
ferric oxide is produced also when iron burns in oxygen, when 
iron is heated in water-gas, or when the monoxide is heated in a 
current of hydrogen chloride. 

It is possible to take two views of the constitution of these 
oxides ; the first is that the sesquioxides are chemical individuals, 
derived from the corresponding trichlorides ; and there appears 
little doubt that this is the case with chromium and iron sesqui- 
oxides, Cr203 and FCiOa, being easily derived from and convertible 
into Oracle and FCaCL respectively. Similarly, their compounds 
with the protoxides would justly have the formulae CraOs.CrO and 
Fe203.FeO. But in the case of manganese there appears to be 
some evidence of the existence of two bodies of like formula, but 
of different properties, implying different constitution. There is 
little doubt that the fact that such bodies become much more 
dense ^nd insoluble in acids on ignition, sometimes, indeed, them- 
s^ves evolving heat when gently warmed, is due to polymerisa- 
tion, i.e,, the association of several simple molecules to form a 
more complex one. But the evidence as regards manganese 
sesquioxide points to a different cause. That body may be regarded 
as either a chemical individual, Il^n^Os, and the derived manganoso- 
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manganic oxide as Mn 203 .Mn 0 ; or it may be conceived to be 
MnOa.MnO, a compound of dioxide and monoxide, or a manganite 
of manganese ; and the substance, Mn304, might be Mn02.2Mn0. 
Now manganese sesquioxide, when treated with dilute nitric acid, 
gives a solution of manganous nitrate, Mn(N03)2, and a residue of 
Mn02. With sulphuric acid oxygen is evolved, and manganous 
sulphate, MnS04, dissolves. The acetate, phosphate, &c., of 
Mn^Oa can, however, be prepared; and it is very unlikely that 
such bodies are mixtures of manganous salts and salts of manga- 
nese dioxide ; salts of the latter being almost unknown. On 
addition of alkali to such salts a brown precipitate is produced, 
soluble in acids with formation of salts of the sesquicxide ; whereas 
the hydrated sesquioxide, Mn(OH) 3 , produced by oxidation in air 
of manganous hydrate is split by nitric acid into manganous 
nitrate and insoluble hydrated dioxide, Mn02.nH20 ; and it is 
insoluble in dilute sulphuric acid. These facts would lead us to 
conclude that two bodies of the formula Mii^Os exist, one of 
which, however, has the constitution Mn02.Mn0. The oxides 
would well repay study in this direction. 

(d.) Compounds of oxides with sulphides. — Iron sesqui- 
oxide, heated in sulphur gas, gives the compound FegOa.SFe^Sa. 
No other compounds of this nature have been prepared in this 
group. 

(e.) Compounds of sulphides vnth sulphides. — The follow- 
ing is a list : — * 

Cr.jS3.Na2S ; brick-red powder. Cr2S3 UnS : chocolate-coloured powder. 

Cr.jS3.CrS: grey-black powder. FejSg.Cu^S. Copper-pyrites. 

Cr2S3.ZnS : dark brown powder. C02S3.C0S. Linnmte. 

Cr2S3.FeS : Dauhreelite ; black. Nl2S3.NiS. Berychite. 

Ill these compounds, as in the spinels, one metal rnay replace 
another without reference to atomic weight. If any one molecule 
be considered, it of course possesses a definite formula, such as 
CO2S3.C0S. But the miner^;! named nichel-Unnoeite contains some 
Ni 2 S 3 .NiS ; or, perhaps, C02S3.NiS, along with the former. The 
atomic ratio of metal to sulphur is a constant one, but as these 
bodies have the same crystalline form, and as their molecules 
occupy approximately the same volume, they can replace one 
another in any crystal. The usual way pf denoting such replaco- 
ment in any proportion is to write the formula, for example, of 
nichel-Unnceitey thus ; (Co,Nl)sS*. 

in. Aiad. Ser. ( 2 ), 81 , 631 ; Monatsh. f. Chem., 9, 266 . 



OF CHROMIUM, IRON, MANGANESE, COBALT, AND NICKEL. 257 


The same peculiarity is noticeable in the spinels, where alu- 
minium, chromium, iron, and manganese may replace each other 
as sesquioxides, and beryllium, magnesium, zinc, &c., as monoxides. 
This will be again referred to in treating of the silicates. 

The double sulphides which have been prepared artificially 
have been obtained by passing hydrogen sulphide over a heated 
mixture of the hydrates of the respective metals ; thus, a mixture 
of chromic hydrate and zinc hydrate thus treated, gives a mass 
which, when boiled with hydrochloric acid, leaves a dark brown 
powder of the formula CraSa.ZnS. 

More complex sulphides of iron are found native, and are generally 
termed mogrmtic pyrites. They have the formula) FejS3.3MS, 
Fe>S3 4MS, Fe^Sa.SMS, and Fe2S3.6MS, M representing iron, 
cobalt, or nickel. They form yellow crystals with metallic lustre. 
Copper pyrites., harnhardiitCy and chalcopyrrhotite are similar 
bodies, containing copper, and have res}) 0 ( lively the formula) 
Fe 2 S 3 .Cu.)S, Fe2S3.2CU2S, and Fe2S3.2CuS.FeS. Purple copper ore 
is a similar compound of uncertain formula. By fusing iron with 
sulphur and }iotassium carbonate, purple-brown needles, of the 
formula KFeS-^, are formed. By ignition in hydrogen it yields 
2FeS.KoS. 

(/.) Compounds with halides. — These bodies, as usual, are 
formed either by evaporating or heating an aqueous solution of the 
trichlorides, or by heating a mixture of chloride and hydrate. 

The following have been prepared : — 

CraOa 8CrCl3.24H^O. 

Cr203.4CrCl3 8H2O, and 3H2O. 

Or .O3 2CrCl3 2H2O. 

Cr 203 .CrCl 3 SH^O. 

The corresponding compounds of iron are not so definite. 
Weak solutions of ferric chloride, when heated, give 1, soluble 
ferric hydrate and hydrogen chloride, which recombine slowly on 
cooling. 

2. From stronger solutions mixtures of oxychlorides separate. 

3. At high temperatures the ferric hydrate loses water, and 
ferric oxide is deposited. 

Dafk red plates, of the formula 9 Fe 303 .FeCl 3 , separate from a 
strong solution of ferric hydrate in ferric chloride on evaporation 
in vacuo. 

Oxychlorides are also produced when solutions of ferrous 
chloride are exposed to air. 

Oxychlorides of manganese, cobalt, and nickel are unknown. 
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III. Dioxides and disulphides. 

List. Chromium. Iron. Manganese. Cobalt. Nickel. 

Oxygen.... CrOa. ~ MnO^. (C0O2).* (NiOa).* 

Sulphur ... — FeSa. — — NiSa. 


Sources. — Manganese dioxide, or pyrolusite (from Trap, fire, 
and Xvefi/, to loose, refeiring to its action in removing the green 
and brown tints of glass coloured by iron, owing to the comple- 
mentary action of its purple colour), is one of the chief ores of 
manganese. It is an iron-black or grey mineral, very hard, and 
somewhat brittle, with fibrous texture. It is largely employed for 
making chlorine. 

Nodules containing manganese dioxide are of common occur- 
rence on the sea-bottom ; they have been dredged from the bed of 
the Pacific and Atlantic Oceans, and are found in the Firth of 
Clyde. 

Iron pyrites or mundic, FeSa, is a golden-yellow mineral 
crystallising in cubes. It is very hard and brittle, and was 
formerly used as a means of striking fire, whence its name. 
Marcasite is a whitish mineral with metallic lustre, of the same 
formula, crystallising in the trimetric system. Both of these 
minerals occur in slate, coal, shale, &c. They oxidise on exposure 
to moist air, and furnish the sulphuric acid necessary for alum in 
alum shale. They are used as a source of sulphur. 

Preparation. — I. By direct union.— Hydrated chromium 
sesquioxide, CraOj.t/HaO, heated in air to 200”, is oxidised to the 
hydrated dioxide, CrOa.HaO ; the hydrated compound is dried at 
253”. Iron and sulphur combine below redness to form FeSa; and 
lower sulphides of iron unite with sulphur when gently heated in 
a current of hydrogen sulphide. 

2. By heating a compound. — The hydrated dioxides can be 
dried at 200 — 250”, yielding the dioxides. Chromium nitrate, 
when heated, yields the dioxide, and manganese dioxide is produced 
by heating manganous nitrate, or manganous carbonate and potas- 
sium chlorate. The oxygen is derived from the nitric anhydride, 
or from the potassium chlorate. 

3. By double decomposition. — Oxides of iron, heated in 
hydrogen sulphide to above 100”, are converted into disulphide; 
and an alkaline polys ulphide reacts with ferrous chloride or 
sulphate at 180”, yielding disulphide. Nickel disulphide is 


* In combination, as 20oOa.OoO and 2NiOa.]N’iO. See also Oobalt'amines. 
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produced by heating a mixture of nickel carbonate, potassium 
carbonate, and snlphur to dull redness. 

Properties. — Chromium dioxide is a black powder, giving 
off oxgen at 350 °. It is insoluble in water, but soluble in acids, 
and reprecipitated from its solution as hydrate by ammonia. 
Manganese dioxide is a black powder when prepared artificially. 
It dissolves in strong sulphuric acid, yielding a yellow sulphate, 
Mn02.2S03. On diluting this solution, the hydrated dioxide is 
precipitated. Iron disulphide when prepared artificially is a 
black powder, or sometimes yellow cubes like the native form, 
insoluble in acids ; and nickei disulphide is a steel-grey powder. 

Double compounds, (a.) With water. — Hydrated chromium 
dioxide is produced, as before mentioned, by the spontaneous oxida- 
tion of the hydrated sesquioxide at 200 ° ; and also by reducing 
chromium trioxide or its compounds. Thus, by passing a current 
of nitric oxide, NO, through a dilute solution of potassium 
dichromate, K2Cr207, it is deprived of part of its oxygen, and 
gives a flocculent brown precipitate of the hydrated dioxide. The 
reduction may be effected by ammonia, as when a solution of am- 
monium dichromate, (NH4)2Cr207.Aq, is boiled, the oxygen going 
to oxidise the hydrogen of the ammonia ; or by means of a chromic 
compound, e.g., by heating together a solution of chromium tri- 
chloride, CrOla, with potassium dichromate, K2Cr207 or K20.2Cr03 ; 
chromium hydrate may be supposed to be formed by the action of 
water on chromium trichloride, thus : — 2CrCl3.Aq + 3H2O = 
CraOa.Aq -f- GHCI.Aq; and the hydrate then acts on the trioxide 
combined with potassium oxide in the dichromate, thus : 
CraOg.Aq -f- CrOa.Aq = SCrOa.r^HaO. The complete equation is 
4 CrCl 3 .Aq + 5H2O + K,Cr207.Aq = 2 KCl.Aq -f- fiCrOa.wHaO 4 - 
lOHCl.Aq. Heat alone expels oxygen from chromium trioxide, 
but the resulting substance is said to be SCrO^-CraOs. Oxalic 
acid, H2C2O4, or alcohol may also be used to effect the reduction. 

It is still a question whether this body is not a chromate of 
chromium, Cr03.0r203. Against this view, it may be stated that 
while chromates, when distilled with sodium chloride and strong 
sulphuric acid, give chromyl dichloride, Cr02Cl2 (see p. 268 ), 
this substance does not do so ; and that it dissolves in acids as a 
whole,^and is re precipitated by alkalis, as it would be, were it a 
definite individual. Yet, on boiling with alkalies, hydrated 
cliromium sesquioxide is precipitated, and the trioxide combines 
with the alkali, forming a chromate. 

The compounds M11O2.2H2O, M11O2.H2O, 2M11O2.H2O, 

SMnOj.HiO and 4 Mn 02 .H 20 are known. They are all 

s 2 
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brownisK- black or black powders. The last of these is produced 
by treating MllaOi or Mn203 with strong nitric acid, whence 
the conclusion that these bodies are compounds of Mn02 with 
2MnO and MnO respectively. The monohydrate, Mn02.H20, is 
formed by the spontaneous decomposition of a solution of potassium 
permanganate, KMn04 or K20.Mn207, or by the action of chlorine 
on manganous carbonate suspended in water. The compound 
2Mn02.H20 is precipitated by addition of potassium hypochlorite 
to a manganous salt in presence of excess of ferric chloride ; and 
the compound SMnOi.H^O by evaporating a solution of manganous 
bromate. The dihydrate, Mn02.2H^0, is precipitated on addition 
of water to the sulphate Mn02.2S03 ; the exi.4tence of this 
sulphate appears to lend support to the theory that the dioxide is 
a chemical individual, and not a manganate of manganese, 
MnOj.MnO. It need hardly be pointed out that the molecular 
weights of all these bodies are unknown. 

(b.) Double oxides. — Several manganese compounds are 
known, viz : — MnOa.MnO, MnO^.CaO, 2(Mn02).K,0, 
2(Mn02).Ca0. These substances are formed by the action of 
air on (1) warm hydrated manganese monoxide precipitated from 
the dichloride MnCh by its equivalent c-f calcium hydrate ; (2) by 
the same process, twice the equivalent of lime being added, 
thus MnCh.Aq 4- 2Ca(OH)2 4- 0 = MnO^.CaO + CaCh.Aq 
-h 2H2O, and (3) by the action of manganese dichloride on the 
former compounds, thus : — 

2(Mn02.CaO) + MnChAq = 2(Mn02).CaO -f Mn(OH)2 -h 

CaCUAq. 

These bodies are all hydrated, but the amount of com- 
bined water is unknown. Their formation is the principle of 
“Weldon’s manganese-recovery process” whereby manganese 
dioxide which has been used for the manufacture of chlorine, and 
converted into dichloride, is restored to the state of dioxide, and 
thereby again rendered available for preparing chlorine (see p. 75). 
Such bodies as MnO^.CaO are termed manganites. The com- 
pound 2(Mn0j).K20 is a black powder ; others containing less 
oxide, e.g., 12(MnO,).Na,0, 5(]yin0j).Na,0, &c., are produced by 
heating manganous chloride with sodium hydrate and 'sodium 
chloride.* 

Compounds of the formula 5(Mn02)M"0, where M" stands for 
calcium, strontium, zinc, or lead, may be produced by heating 

• Bull, Soc. Chim. (2), 30, 110; Bwgl. poigt. Jour.^ 129, 51 j Chem. Soc. */., 
87, 22 ; 691 j Compt. rend., 101, 167 ; 103, 261. 
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chlorides of these metals with potassium permauganate. They 
form black crystals. At higher temperatures, 2(Mn02).M"0 and, 
at still higher, MnOi-M^O are produced. 

Similar cobalt and nickel compounds, 2(Co02).CoO and 
7 C 0 O 24 C 0 O (with water of hydration from 4 H 2 O to H^O), also 
3 NiO 2 . 5 NiO. 9 H 2 O are produced by adding sodium hypochlorite, 
NaClO, to a mixture of the hydrate of cobalt or nickel and excess 
of soda. A cobalt compound of the formula 

3(2Co02.3CoO).K20.3H20 

is produced by heating the monoxide with caustic potash in 
presence of ^ir. No doubt, double compounds wiih other metals 
could be prepared. 

(c.) Oxyhalides. — An oxyfluorideof the formula Mn02.MnF4 
or MnOPi is said to be produced by adding manganese tetra- 
chloride to a boiling solution of potassium fluoride. It is a rose- 
coloured powder, and combines with potassium fluoride, forming the 
C'/mpound MnOP 2 . 2 KP. The trifluoride is said to yield similar 
double salts, e.g., Mn2P40.4KP. These bodies are produced by 
treating potassium permanganate, KMn 04 , with aqueous hydrogen 
fluoride. 

IV. Trioxides. — (a.) The only trioxides known in the free state 
are chromium trioxide, or chromic anhydride, CrOa, and man- 
ganese trioxide, MnOj. Iron trioxide exists in combination 
with potassium monoxide in potassium ferrate, and that of man- 
ganese in potassium manganate. 

Preparation. — By double decomposition.— Chromyl fluoride 
(see p. 268), led into a crucible slightly damp and loosely covered 
with damp paper, reacts with the water, depositing long needles 
of the trioxide ; thus : — 

• Cr02F2 -f E,0 = CrOa + 2EF, 

By the action of sulphuric acid on a chromate, a sulphate and 
chromic anhydride are formed. On pouring 1 volume of a saturated 
solution of potassium dichromate, K 2 Cr 207 , into 1 J volumes of strong 
sulphuric acid, long needles of chromic anhydride hydride deposit or 
cooling. They are diflScult to free from sulphuric acid ; and the 
presgnt method of preparing the trioxide for commercial use is b} 
adding to strontium chromate exactly enough sulphuric acid tc 
"precipitate the strontium as sulphate, to decant the solution 0 
trioxide from the insoluble sulphate, and to evaporate to dryness."* 

Manganese trioxide is obtained by dropping a solution o 

* The author has tried the process, but without success. 
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potassium permanganate in strong sulphuric acid on to sodium 
bicarbonate ; MnOa is liberated, and is carried on in the solid state 
by the carbon dioxide. 

Properties. — Chromium trioxide forms a red crystalline 
powder, a mass of loose woolly crystals, or scarlet crystals. It 
melts at 190°, and begins to decompose at 250°, losing oxygen. It 
is soluble in water,, and the solution contains chromic acid, 
Cr03.H20, or H2Cr04,* or H2Cr207. Its compounds with other oxides 
are called chromates. The blue solution obtained by shaking a 
dilute solution of chromium trioxide with hydrogen dioxide, and 
extracting with ether, is said to be a compound of the formula 
Cr03.H202. On evaporation of the ether, it remains a'^ a blue oil.f 

Manganese trioxide is a reddish, amorphous, deliquescent sub- 
stance, unstable at the ordinary temperature. 

(fe.) Compounds with other oxides. — Chromates, ferrates, 
and manganates. Of these the chromates are the most stable, and 
have been best investigated. They may be divided in to four classes: — 

1. Basic chromates ] those in which the number of atoms of 
oxygen in the base exceeds one-third of that in the chromic anhy- 
dride. These compounds are orange, red, or brown in colour. 
They are produced by double decomposition, a solution of a soluble 
chromate, such as potassium chromate, K2Cr04, being added to a 
soluble salt of the metal ; in such a case, uncombined chromic 
anhydride exists in solution; or by digesting a chromate, such as 
PbCr04 = PbO.CrOi with alkali, or with excess of base. They 
are as follows : — 

Eatio, 3 ; 9 : — Cr03.3Bi203. Eatio, 6 : 9 : — 2Cr03.3Bi203. 

„ 3:4 Cr03.4Zn0,3H20 : CrO., 4 CuO. 

„ 3 : 3 : — Cr03Al203; Cr03.Cr203(?)(thi8 body is Cr02) ; CrOg.FesOa; 

CrO3.3NiO.3H2O; Cr03.Bi203; CrOa.SCuO; CrOs.SHgrO. 

„ 6:5 2Cr03.5Ni0.12H20. Eatio, 21 9 TCrO^.SBLOg. 

„ 3 : 2 :— CrO3.2ZnO.H2O ; CrO3.2CdO.H2O ; CrO3.2MnO.2H2O 5 

CrO3.2CoO.2H2O; CrO3.2NiO.6H2O; Cr03.2Pb0; 
Cr 03 . 2 Cu 0 ; Cr 03 . 2 HfirO ; Cr 03 . 2 Hgr 20 ; 
2CrO3.3CuO.K2O.3H2O. 

„ 6 : 3 2Cr03.3Pb0 ; 2Cr03.Bi203; 2CrO3.CuO.2PbO. 

These compounds are orange, red, or brown powders, and are 
insoluble in water, or nearly so ; they dissolve in acids, being^con- 
verted into chromates containing a larger proportion of trioxid^ 
of chromium. The most important of them is the chromate 
Cr08.2Pb0; it is named “chrome-red ” or “ Persian-red.’’ It is pro- 

* Comptes rend.y 98 , 1581 . 
t Ihid,, 97 , 96 . 
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duced by addition of lead oxide to the monoplumbic chromate, 
PbCr04, or CrOa.PbO; or with a purer shade by heating that 
body with potassium nitrate; the potassium oxide withdraws 
chromic anhydride, and on washing with water, excess of potas- 
sium nitrate and chromate are withdrawn and the basic chromate 
is left as a red powder. Cloth on which a precipitate of yellow 
PbCrOi has been formed, may be changed to a brown-red by 
plunging it into a bath of boiling milk of lime (Ca(OH)2.Aq), 
which withdraws half the chromic anhydride. 2Cr03.3Pb0 
occurs ill scarlet crystals as melanochmite ; and 2Cr03 Cu 0 . 2 Pb 0 
as a yellowish-brown mineral named vauquelhiite. 

2 . The second class of chromates is often termed “ neutral.’^ 
This name was originially applied to those substances incapable of 
affecting the colour of litmus. But most of these chromates are 
insoluble ; moreover, the typical “ neutral ” chromate of potassium, 
K2Cr04(Cr03.K20) has an alkaline reaction and turns red litmus 
blue. It is better therefore to discard the misleading name. 
The oxygen of the chromic anhydride bears to that of the base 
the ratio 3 : 1 . The follov/ing is a list : — 

Eatio 3 * 1 . — 

Cr03.H20 (chromic acid) ; CrO3.Li2O.2H2O; Cr03.Na20.10H20 (crystal- 
lised above 30 °, this body is anhydrous); Cr03.K20 ; Cr03.K(NH4)0 
(= KNH4Cr04); CrOjMgrO.YHgO ; CrO3.CaO.4H2O; Cr03.SrO ; 
CrOj.BaO; Cr03.Tl20; CrOj.PbO; CrOj.CuO; Cr03.Agr20; CrO^.HgrOj 
Cr03.Hff20. 

Of these, the hydrogen, lithium, sodium, potassium, magnesium, 
calcium, copper, and mercuric compounds are soluble in water. 
Hydrogen chromate, HoCr04, is produced by dissolving chro- 
mium trioxide in water, and cooling with melting ice. It forms 
small red deliquescent crystals, which readily part with water. 
PotassixHii chromate, K2Cr04, has a light-yellow colour, and a 
bitter, cooling taste ; it is exceedingly poisonous ; it is insoluble in 
alcohol, but soluble in water (100 grams of water at 15 ° dissolve 
48*3 grams of chromate), [t melts at a low red heat, and crystal- 
lises in double hexagonal pyramids. Strontium chromate, 
SrCr04, is sparingly soluble. It is the one from which chromic 
anhydride is now made commercially by addition of sulphuric 
acid. * It is found to be the only available chromate from which 
the chromium trioxide is completely expelled by its equivalent of 
sulphur trioxide, by the action of sulphuric acid ; hence its use. 
Barinm chromate, BaCr04,is an insoluble yellow powder, used as 
a pigment under the name, “yellow ultramarine.” Lead chromate, 
PbCrOi, is found native, as red lead-ore or crocomte. It crystal- 
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Uses in monoclinic prisms. It is a translucent yellow body, and 
occurs in decomposed granite or gneiss. Prepared by addition of 
potassium chromate or dichromato to a soluble salt of lead, it is a 
yellow powder, and is known as “ chrome-yellow ” and used as a 
pigment. It fuses to a brown liquid, and solidifies to a brown- 
yellow mass. It is made use of in estimating carbon and hydrogen 
in carbon compounds. It is practically insoluble in acids, but 
dissolves easily in potassium hydrate, forming chromate and plum- 
bite of potassium. Silver chromate, Ag 2 Cr 04 is a deep-red 
precipitate, crystalline in structure ; the individual crystals trans- 
mit green light. 

3 . Dichromates. — These bodies are often called “ acid ” 
chromates, and their solutions have an acid reaction with litmus. 
They are produced by adding some acid, e.g., chromic acid, or more 
often nitric acid to the monochromates. They are as follows : — 

Ratio 6:1. 2 Cr 03 .Li 20 ; 2 CrO 3 .Na 2 O. 2 H 2 O; 2 Cr 03 .K 20 ; 2 Cr 03 .(NH 4)20 ; 

2CrO3.CaO.3H2O; 2Cr03.Ba0; 2Cr03.TL0 ; 2Cr03.Pb0 ; 

2Cr03.Agr20. 

The most important of these is potassium dichromate, or 
“ bichrome,” which is prepared on a manufacturing scale. It 
is produced by acidifying the monochromate, K2Cr04, with sulph- 
uric acid, thus: — 2K2Cr04.Aq H2S04.Aq = KjSOi.Aq -f 

K2Cr207. Aq -h H2O. It forms deep orange>red tables or prisms. It 
is insoluble in alcohol, but soluble in water (100 grams dissolve at 
20 ° 12'4 grams of bichrome). It melts at a dull red heat, and decom- 
poses at a white heat into potassium chromate, chromium sesqui- 
oxide, and oxygen. It is affected by light, and has the curious 
property of rendering gelatine impregnated with it insoluble in 
water after exposure to light, and it thus finds an application 
in photography. It is largely used as an oxidising agent, and for 
making chrome-yellow, &c. 

The dichromates are decomposed by much water, excepting 
those of sodium, potassium, and ammonium. 

The name anhydrochromaies is sometimes applied to these bodies, 
the view being taken that they are compounds of monochromate 
and anhydride, thus : — K20rO4.CrO3. 

4 . Polychromates ; tri-, tetra-, &c. 

« 

Ratio 9 : 2. 8 Cr 03 . 2 ZnO, soluble, crystalline; 3 Cr 03 . 2 Tl 20 . 

Ratio 9:1. SCrOg.KaO; 3 Cr 03 .(NH 4 ) 20 ; SCrOg.TlsO. % 

These bodies are deep-red crystals, formed on crystallising the dicbromates 
from strong nitric acid. 

Ratio 12 : 1 . — 40 r 03 .K 20 » similarly prepared. The polychromates decom- 
pose on treatment with much water. 
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Ferrates. — Of these, only the potassium, sodium, and barium 
salts are known. Their formul80 are supposed to be Fe03.K20 ; 
Fe03.Na20 j and FeOa.BaO ; but the potassium and sodium salts 
are stable only in presence of a larp^e excess of alkali, and the 
barium salt has not been analysed. The ratio of oxygen to iron in 
the iron trioxide has been determined ; hence the deduction of 
the formula, FeOj. 

Sodium or potassium ferrate is formed by heating iron-filings 
and sodium or potassium nitrate to dull redness ; by igniting iron 
sesquioxide with sodium or potassium hydrates in an open crucible, 
better with addition of sodium or potassium nitrate ; by passing 
chlorine thrcTugh a very strong solution of sodium or potassium 
hydrates in which ferric hydrate is suspended ; the ferrate, being 
insoluble in the strong alkali, is precipitated as a black powder ; 
and by electrolysing a strong solution of potash or soda with iron 
poles ; the ferrate crystallises on the positive pole. The produc- 
tion of ferrate may be shown as a lecture experiment by adding 
a few lumps of potassium hydrate to some solution of ferric chloride, 
and adding bromine and warming. 

The potassium ferrate may be dried on a porous plate ; it 
cannot be filtered through paper, as it at once loses oxygen. It 
forms a fine cherry-red solution, but it soon decomposes with loss 
of oxygen. Barium ferrate is a purple precipitate produced by 
adding a solution of barium hydroxide to the solution of potas- 
sium ferrate. The ferrates at once lose oxygen on addition of 
an acid. 

Manganates. — Of these, only the sodium, potassium, calcium, 
and barium salts are known. They arc prepared by heating man- 
ganese dioxide with sodium or potassium hydroxides or carbonates ; 
manganate and a lower oxide of manganese are formed ; or nitrate 
or chlorate* of calcium or barium with manganese dioxide. The 
yield may be increased by adding sodium or potassium nitrate to 
the hydroxides. On treatment with cold water, they form a deep 
green solution, and when it is evaporated in a vacuum, crystals 
are deposited. These crystals have the formula KaMnO^ = 
Mn03.K20 ; the barium, calcium, and sodium manganates are 
supposed to have similar formulae. On leaving a strong solution 
of pofassium manganate exposed to air, crystals of dimanganate 
huve been formed, 2MnO3.K2O.H2O, the carbon dioxide of the air 
having withdrawn half the potash. 

Potassium manganate is stable only in presence of excess of 
alkali, and is decomposed by pure water with formation of per- 
manganate and dioxide, thus : — 
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3 (MnO..KjO) + 2H2O -f Aq = Mn2O7.K2O.Aq -f 4 KOH.Aq 4 - 

Mn02.nH20. 

Owing to this change of colour from green to purple, the old 
name for potassium manganate was “ mineral chameleon.” 

Manganate of barium is known as “ barjta-green.” Potassium 
manganate having been produced by gradually adding manganese 
dioxide to a fused mixture of two parts of potassium hydrate and one 
part of potassium nitrate, the cooled mass is treated with water 
and filtered. On addition of barium nitrate to the filtrate, a violet 
precipitate of barium manganate is produced, which is heated to 
redness with solid barium hydrate till it assumes a ^bright-green 
colour. It is then treated with water to remove barium hydrate. 
The green colour is in all cases probably due to basic man- 
ganates. 

Perchromates and permanganates. — These bodies are com- 
pounds of oxides with the heptoxides of chromium or manganese, 
CraOT, or MnaOT. Those of chromium are very unstable, if, indeed, 
they are capable of existence. If hydrogen dioxide, H2O2, be 
added to a solution of chromic acid, or of potassium chromate and 
sulphuric acid, a dark- brown colour is produced. On shaking the 
solution with ether, the u))per layer of elher has a fine blue colour; 
on evaporation at —20°, a deep indigo-blue oily liquid is left; this 
is possibly perchromic anhydride, or chromium heptoxide, Cr^OT, 
but is also said to be a compound of the formula Cr03.H20>. 
Its salts are unknown. This reaction affords a very delicate 
test both for chromium trioxide and for hydrogen dioxide (sec 
p. 197 ). 

Potassium permanganate, Mn 207 .K 20 , or KMn 04 , is pro- 
duced by acidifying potassium manganate. It may be supposed 
that the manganic acid, Mn03.H20, decomposes at the moment of 
its liberation, yielding manganese dioxide and permanganic acid, 
thus: — 3MnO3.H2O.Aq = Mn2O7.H2O.Aq -f Mn02.^^H20. The same 
change is produced by boiling a solution of potassium manganate, 
or by treating sodium manganate with magnesium sulphate, thus : — 
3(Mn03.1Sra20)Aq + 2(S03.Mg0)Aq + 2H2O Mn2O7.Na2O.Aq -h 
2(S03.Na20)Aq -f 2(Mg0.H2O) -f Mn02.wH20 ; magnesium man- 
ganate being unstable. Manganate may also be converted into 
permanganate without separation of dioxide by means of chlorine, 
thus: — 2(Mn03.K20)Aq 4- Gh = 2KCl.Aq 4- Mn2O7.K2O.Aq. ' 

The following permanganates are known : — 


Mn2O7.H2O.Aq, or HMnOi.Aq ; Mn207.K30, or KMnO^ ; 

NHiMnO^; Ba(Mn04)2; Pb(Mn04)2; and AgMn04. 
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The barium salt is made by the action of carbon dioxide on 
barium manganate ; and from it the free acid, HMn04, maybe 
separated by addition of monohydrated sulphuric acid, H2S04.Ha0. 
It forms a greenish -yellow solution, and deposits slowly a dark, 
reddish-brown liquid, not solidifying at — 20 °; it is said to be 
manganese heptoxide, or permanganic anhydride, MnaO?. It is 
non-volatile.* This liquid dissolves in strong sulphuric acid with 
a yellow-green colour ; it explodes when strongly heated. The 
yellow-green solution contains (Mn03)2S04. On adding water the 
colour changes to violet — that of permanganic acid. 

The silver and lead salts are formed hy adding soluble salts 
of silver or ?ead to potassium permanganale. They are dark- 
coloured precipitates. The ammonium salt is made by mixing 
the silver salt with ammonium chloride. Potassium permanganate, 
with excess of potassium hydrate, turns green with formation 
of manganate, oxygen being evolved, thus : — 2KMn04.Aq -f- 
2 KOH.Aq = 2K2Mn04.Aq -f Il^O + 0 . 

Potassium permanganate forms dark -red, almost black, crystals, 
with greenish reflection ; its solution is sold as a disinfectant under 
the name of “ Condy’s fluid,” and has a splendid purple colour. 
The dichromate and permanganate of potassium are used as means 
of oxidising substances in presence of water. Bichrome does not 
readily part with its oxygen, even to an easily oxidisable body, 
unless an acid be present ; when it does, chromium dioxide is pro- 
duced. Thus : — 

2CrO3.K2O.Aq + H2O = 2Cr02.wH20 H- 2 KOH.Aq + 20 , 

Potassium permanganate acts similarly, thus : — 

Mn2O7.K2O.Aq -h H2O = 2Mn02.?^H20 + 2 KOH.Aq + 30 . 

In presence *of an acid (usually sulphuric acid) a salt of chromium 
or manganese is produced, thus : — 2Cr03 = Cr203 -f 30 ; and 
CraOa -f- 3H2SO4 = Cr2(S04)3 + 3H2O. AIsoMuoOt = 2 MnO 4 - 
50 ; and MnO + H2SO4 = MnSOi + H2O. The complete equa- 
tions are : — 

K2Cr207.Aq + 4H2SO4 = K2SO4. Aq + Cr2(S04)3.Aq + 4H2O -f 30 ; 
and 2KMn04.Aq + 3H2S04.Aq = K2S04.Aq + 2MnS04.Aq 
-f 3H2O + 60 . 

• 

The oxygen, being in the nascent or atomic state, is available for 
oxidation of compounds of carbon, &c. 


* See Chem. 80 c., 63, 175. 
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Compounds of oxides with halides. — These are as fol- 
low: — CrO^Ch, chromyl dichloride; Cr02F2, chrorayl difluoride, and, 
possibly, MnO-iChjinaiiganyl chloride. They are formed by distilling 
a mixture of sodium chloride or fluoride, potassium dichromate or 
permanganate, and strong sulphuric acid. The reaction takes 
place between the liberated chromium irioxide or manganese 
heptoxide and the hydrogen halide, the sulphuric acid combining 
with the water produced, which would otheiwise decompose the 
chromyl or manganyl halide, thus : — 

Cr03 -f 2HC1 -f H2SO4 = CrO^Ch + H2SO4.H2O. 


Chromyl di chloride may indeed be obtained by the t direct action 
of dry hydrogen chloride on pure chromium trioxide. Hydrogen 
bromide and iodide are decomposed with liberation of bromine or 
iodine. Chrorayl chloride is a deep-red liquid, closely resembling 
bromine in appearance; it boils at 118°, and gives a deep-red 
vapour. It mixes in all proportions with carbon disulphide and 
with chloroform. The manganese compound is said to be a purple 
vapour, condensing at a very low temperature ; but it requires re- 
investigation. Chromyl fluoride may be made by a similar pro- 
cess. Chromyl chloride reacts with water, forming chromium 
trioxide or chromic acid, thus : — 


Cr02<^{ + 


H.OH 

H.OH 


^^02<QH 


-f 


HCl 

HCl. 


As its vapour- density shows it to have the formula CrO-^Ch, it is 
concluded that chromic acid is analogously constituted, and may 
be represented by the structural formula CrOv>(OH)2, and chro- 
mates as Cr02(0M')2. It is obvious that an intermediate com- 
pound between CrOaCh and Cr02(0M')2 should exist of the 

formula Cr02<[Q^^ . Such a body is known, and is termed a 

chloro-chromate. The potassium salt is produced by saturating a 
hot solution of dichromal^e of potassium with hydrogen chloride 
and leaving it to crystallise. Flat rectangular prisms of the 

OK 

compound ai'e deposited ; on treatment with water they 

decompose. The mercuric salt is also known. Compounds have 
also been prepared of the formulae 2Cr03.KF and 2Cr03.NH4F ; 
they are produced by adding aqueous hydrofluoric acid to potas- 
sium or ammonium dichromates ; they may be constituted thus : — 


Cr02< 

Cr02< 


OK 
O . 
F 
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On heating chromyl dichloride to 180 — 190° in a sealed tube 
chlorine separates, and the compound CraCloOfl remains as a black 
powder. Its constitution may be thus represented : — 

Cl— CrO,— CrOa— CrO,— Cl. 

The corresponding potassium salt is produced by saturating potas- 
sium chlorochromate with ammonia, and the ammonium salt by 
saturating a solution of chromyl dichloride in chloroform with 
ammonia. Their constitutional formulm may be : — 

KO— CrO,— CrOa— CrO^— OK ; and 

(NH 4 ) 0- CrO,— CrO^- Cr 0,— 0 (NH 4 ) . 

Such constitutional formula) will be further referred to in treating 
of silicates, phosphates, and sulphates. 

Ko compounds of bromine or iodine analogous to chromyl chlo- 
ride are known ; bromine or iodine are invariably liberated. The 
volatility of the chlorine compound serves to identify chlorine in 
presence of bromine or iodine ; on distilling a mixture of halides 
with bichrome and sulphuric acid, if chromium is found in the 
distillate, the presence of chlorine in the mixture is proved. 

Physical Properties. — 1. Weight of 1 cubic centimetre. 

MnO, 5T ; CoO, 5*6 ; NiO, 5*6 ; 6*8 (crystallised). 

FeS, 4*8; MnS, 4 0 ; NiS, 5-6. 

Cr20j, 6*2 (crys.); FeaOj, 5'3 (native); MiiaOs {hraunite)^ 4*75; Co^Oj, 4 8. 

CroSg, 4*1 ; Fe^Sa, 4-3 ; Co]s„ 4-8. 

Ni^Oa, 4-8. 

CrjOg, 4-0 ; Fej04 5*12 (magnetite) ; Mnj04, 4’85 (native) ; €0^04, 6’3. 

MnOo, 4 83 ; 

MnS2, 3 46; FeS^, 6*04 (pyrites) ^ 4'8 (marcasite). 

CrO.„ 2-8. 

Seats of formation. 

CrgOg + *30 = 2Cr03 + 14311. Mn + O + 2H2O = Mn(OH2) 

+ 948K. 

Fe + O + HgO = Fe(OH )2 + 683K. Mn + 20 + HgO = MnOa.HsO 

+ 1164K. 

2Fe + 30 + 3H2O = Fe(OH)3 + 1912K. Mn + S + wFgO = MnS.^H^O 

+ 444K. 

3Fe + 40 = Fe304 + 2647K. Co + 0 + H2O = Co(OH)2 + 

6341C. 

fS + S + »IT20 =* FeS.MS20 + 238K!. 

200(011)2 + 0 + H2C = 00203.33)20 Co + S + WF2 O = CoS./23>iO 
+ 223K + 197K. 

Ni + O + H 2 O = Ni(OH)2 + 
608K. 

2Ni(OH)2 + 0 + H 2 O = Ni203.3H20 Ni + S + = NiS.wHsO 

+ 13ir. + 174K. 
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OXIDES, SULPHIDES, SELENIDES, AND TELLURIPES OF ELEMENTS OP THE 
CARBON GROUP; FORMIC AND OXALIC ACIDS; CARBONATES, TITANATES, 
ZIRCONATES, AND THOKATES ; SULPHOC ARBONATES AND OXYSULPHO- 
CARBONATES, OXYHALIDES, AND SULPHOHALIDES. * 


Oxides, Selenides, and Tellurides of Carbon, 
Titanium, Zirconium, Cerium, and Thorium. 

This group gives ri^presentatives of monoxides, sesquioxides, 
dioxides, and peroxides. The monoxides show little tendency 
towards combination ; the dioxides form compounds with the 
oxides of other elements, which are named carbonates, titanates, 
and zirconates. Some similar compounds of the sulphides have 
also been prepared. 

Carbon, Titanium. Zirconium. 

Oxygen.... CO; TiO ;* Ti 203 ; Ti02; TiOs. Zr02; Zr 205 . 

Sulphur... CS; CSa. TiS; TigSg; TiSg. ZrSgP 


Cerium. Thorium. 

Oxygen CegOj; CeOg ; CeO.,. TliOg; TligO;. 

Sulphur CogSa; — ThSg. 


1. Monoxides and monosulphides (selenides and tellurides 
have not been prepared). 

Sources. — Carbon monoxide is produced by the decay of 
organic matter, and by the incomplete combustion of fuel. 

Preparation. — By direct union. — Carbon is said to combine 
with oxygen to form monoxide ; it appears more likely that the 
dioxide is first formed, and by its contact with red-hot carbon is 
converted into monoxide, thus CO 2 + C = 200. 

2. By replacement. — Steam, led over white-hot carbon, yields 
a mixture of hydrogen and carbon monoxide. This mixture is weK- 
adapted for heating purposes, and is commercially termed “ water- 
gas.’* It is frequently employed in driving gas-engines. Carbon 


• As hydrate, Ti(0H)2. 
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withdraws oxygren from sodium sulphate, N’a2S04, forming mon- 
oxide and sodium sulphide. Carbon withdraws oxygen from 
many oxides, carbon monoxide being formed. 

3. By reduction. — Zinc or copper withdraws oxygen from 
carbon dioxide, producing monoxide ; heating a mixture of mag- 
nesium carbonate and zinc dust is an available method of pre- 
paration. Carbon monosulphide is deposited from carbon di- 
sulphide, after long exposure to light ; and titanium monosulphide 
is produced by the action of hydrogen on the red-hot disulphide. 

4. By decomposition of a compound. — The oxide C2O3 
appears to be incapable of existence, but oxalic acid, C2O4H2, may 
be viewed asi its compound with water. On depriving oxalic acid 
ot water by the action of concentrated sulphuric acid, a mixture of 
carbon monoxide and dioxide is evolved, thus — 

C2O4H2 -h H2SO4 = CO + CO^ + H2SO4.H2O. 

Similarly, if the elements of water are withdrawn from formic acid, 
CO2H2, by strong sulphuric acid, carbon monoxide is produced. 
This is by far the most convenient, though not the cheapest, method 
of preparation, and yields perfectly pure monoxide. 

5. By double decomposition. — Hydrocyanic acid, HCN (see 
p. 559), liberated in presence of fairly strong sulphuric acid, takes 
up water, forming carbon monoxide, and ammonia which combines 
with the sulphuric acid, thus — 

HCN + H 2 SO 4 .H 2 O = 00 -f (NH4)HS04. 

The hydrocyanic acid is conveniently produced from potassium 
ferrocyanide. 

Properties. — Carbon monoxide is a colourless gas at ordi- 
nary temperatures; it condenses to a liquid at —190°, and the 
white solid produced by its evaporation melts at —199°. Its critical 
temperature is about —139*5°; and its critical pressure is 35'5 
atmospheres. It is soluble in alcohol ; 100 volumes dissolve about 
20 volumes ; but it is very sparingly soluble in water, 100 volumes 
dissolving only 3 volumes of the gas. It has a faint smell, but no 
taste. It is poisonous, forming a compound with the haamoglobin 
of the blood which gives a spectrum closely resembling that of 
oxyLtemoglobin ; but, while the latter is at once altered by ammo- 
nium sulphide, the spectrum due to carbon monoxide lasts after 
such treatment for several days. It is absorbed by potassium 
(see below), and by compounds of silver, and gold ; also by cuprous 
chloride. When left long in contact with potassium or sodium 
hydroxide it combines, forming formate of potassium or sodium. 
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Carlson monosulphide is a red powder, sparingly soluble in 
carbon disulphide and in ether ; it dissolves in solution of potassium 
hydrate, and is reprecipitated by acids ; it decomposes at 200 ^ into 
carbon and sulphur. It is probably a polymeride of CS. Tita- 
nium monosulpbide is a black insoluble substance, decomposed 
only by fusion with alkalis. 

Compounds with water. — It is sometimes stated that carbon 
monoxide is the anhydride of formic acid, CO2H2, and if their 
formulse alone be considered such might bo the case. But thei'e 

O 

II 

can be no doubt that formic acid has the constitution H — C — OH, 
and that it is partly a carbide of hydrogen, and is derived from 
tetrad carbon. The true acid derived from carbon monoxide is 
unknown ; its formula should be HO — C — OH. Hence carbon 
monoxide reacts slowly with potassium hydroxide, a molecular re- 
arrangement being effected in order to produce potassium formate, 

0 

II 

H — C—OK. The explosive grey compound produced by direct 
combination of carbon monoxide with potassium, which has the 
formula K,,C« 0 « is probably also partly a carbide of potassium. 

Ti(OH)2 is said to be produced by the action of sodium amalgam 
on the tetrachloride, TiGb, in presence of water. Titanium di- 
chloride, T1CI2, decomposes water, giving a mixture of trichloride 
and sesquioxide. JSTo compounds of these monoxides with oxides 
or sulphides are known. 

Compounds with chlorides. — Carbon monoxide combines 
directly with platinous chloride, to form the body PtCl 2 2CO, 
with platinic chloride to form PtClj.3CO, and with cuprous 
chloride to form CU2CI2.2CO. These are insoluble crystalline 
compounds. The last is formed when caibon monoxide is shaken 
with a solution of cuprous chloride in hydrochloric acid, and is 
used as a means of separating carbon monoxide from other gases 
with which it may be mixed. 

A compound of the formula TiO.TiCla is also known ; it is 
produced by the action of oxygen on titanium tetrachloride, TiCb, 
at a red heat. 2CeO.CeCl2 is formed by the action of steam and 
nitrogen ou a mixture of cerium and sodium chlorides ; it forms 
silvery scales. »- 

II. Sesquioxides and sesquisulphides. — Carbon sesqui- 
oxide is unknown; its compound with water is oxalic acid. 
Carbon sesquisulphide is said to be produced by the action of 
sodium amalgam on the disulphide ; it is a red-brown powder. 
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Titanium sesquioxide is formed when the dioxide is heated in 
hydrogen, or during the preparation of the trichloride (see page 145 ) 
due to the action of air. It forms copper-coloured crystals, and 
has the same crystalline form as specular iron, Pe203. Titanium 
sesquisulphide is produced by the action of a moist mixture of 
hydrogen sulphide and carbon disulphide on the dioxide, Ti02, at 
a bright red heat. It is a black powder. Cerium sesquioxide is 
produced by heating the oxalate in a current of hydrogen. It is a 
grey solid, reacting with acids forming salts. The sesqui- 
sulphide,* produced by the action of dry hydrogen sulphide on 
red hot cerium dioxide, or by passing that gas over a fused 
mixture of c#rium trichloride and sodium chloride, is a crystalline 
vermilion or black compound, according to the temperature. It 
is slowly decomposed by warm water. Similar compounds of 
zirconium and thorium have not been prepared. 

Compounds with water. — Oxalic acid may be regarded as 
the hydrate of the unknown carbon sesquioxide. It has the 
formula C2O4H2, and nofc CO2H, as can be shown by the following 
synthesis : — Ethylene is known to possess the formula O2H4 from 
its vapour-density. On bringing ethylene and bromine together, 
direct addition takes place, and ethylene dibromide, C2H4Br2, is 
formed. This body, on treatment with silver hydroxide, exchanges 
bromine for hydroxy], thus : — C2H4Br2 H- 2 AgOH = C2H4(OH)2 
-f 2 AgBr. Glycol, as the substance C2H4(OH)2 is named, on 
oxidation yields oxalic acid, thus : — C2H4(OH)2 + 40 = C202(0H)2 
-f- 2H2O. It is therefore concluded that oxalic acid contains 
two atoms of carbon. Its constitutional formula is written 
0 = 0 — OH 

I , and it would thus appear that the atom of carbon is 

0 = 0 — OH 

here capable of combining with four monads, and is a tetrad. 
As carbon tetrachloride possesses the formula OOI4, and carbon 
hexachloride is O2OI6 (see p. 155 ), it is seen that two atoms 
of carbon possess the property of combining with each other. 
Now, in contrasting this with the behaviour of members of 
the previous group, such as iron, it must be remembered that 
ferric chloride possesses the formula FeCb, as shown by its 
vapouv- density at high temperatures. At low temperatures, its 
formula is re2Cl6, and it has been supposed that iron at low tem- 
peratures, like carbon under almost all circumstances, is a tetrad. 
The hydroxide, Fe203.H20, has probably a high molecular weight, 
for the sesquioxide, FeaOa, has the power of combining with a 

* Comptes rend.f 100, 1461. 


T 
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large number of molecules of other oxides, and presumably com- 
bines with itself to form considerable molecular aggregates. But 
ignoring this, the formula of this hydroxide may be 0=Fe — OH, 
or it may have a constitution analogous to that of oxalic acid, viz., 

HQ^Fe — which case the atoms of iron would 

be tetrad. At present there is no means of deciding the point, 
though the opinion of chemists favours the triad nature of the 
atom of iron. 

The study of oxalic acid and its compounds belongs to the 
domain of Organic Chemistry; and these are so numerous that 
their formation and relationship would occupy too large a space in 
such a book as this. 

Titanium tetrachloride on treatment with metallic copper or 
silver in a state of fine division yields the hexachloride, Ti 2 Cl 6 ; 
and on addition of an alkali, to its solution in water, a brown pre- 
cipitate of the hydroxide, Ti 203 . 3 H 20 , is produced. It is soluble in 
acids giving violet salts. 

Hydrated cerium sesquioxide is formed by addition of an 
alkali to a solution of the trichloride. It rapidly oxidises on 
exposure to air. 

Compounds with halides. — On treating trichloride of titanium 
with a little water, the body Ti202Cl2 is produced. Supposing 
it to be constituted like oxalic acid, its formula would be 

0>Ti-Ti<0. It is also formed by the action of a mixture of 

hydrogen and titanium tetrachloride on the red hot dioxide, thus : — 
TiCli -f 4- TiOg = 2HC1 4- Ti202Cl2. It forms reddish- 
brown laminee. 

A compound of the formula CeaOa.Ce^Clo is produced by the 
action of sodium hydroxide, and subsequently of water on the tri- 
chloride, or of a mixture of steam and nitrogen on the trichloride. 
It is an insoluble dark purple powder. 

III. Dioxides. — Sources. — All of these dioxides, that of cerium 
excepted, are found native. Carbon dioxide occurs in air. 
Ordinary country air contains somewhat under 4 volumes per 
10,000 of air ; in cities, owing to its evolution from chimney'^ and 
from respiration, it is present in somewhat higher amount, and info^s 
may amount to 6 volumes. It issues from the ground in volcanic 
districts. The “ Grotto del Cane,” near Naples, is well known in 
this respect ; the gas in the depression in the ground contains from 
60 to 70 per cent, of carbon dioxide. It is a frequent constituent of 
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mineral waters, and is present in small quantity in all natural 
water, including sea- water. It is the source from which plants de- 
rive their carbon, and is produced by the decay of all organic matter. 
Some specimens of quartz contain cavities filled with liquid carbon 
dioxide. In combination with other oxides, especially with lime, 
as carbonate, it forms a great portion of the earth’s crust. 
Titanium dioxide seems native in dimetric prisms, as rutile^ in 
granite, gneiss, or mica slate ; also as anatase, in acute rhombo- 
hedra ; and as brooMte in trimetric crystals. — Zirconium dioxide 
occurs in combination with silica as zircon, or hyacinth, Zr 02 .Si 02 , 
and as malacone, in some granites. Thorium dioxide occurs as 
thorite, 3(Th02.Si02).4H20, and is also combined with niobic and 
tantalic pentoxides in euxenite. 

Preparation. — In considering the methods of preparation of 
these compounds it must be remembered that carbon dioxide is a gas, 
while the dioxides of the other elements are non-volatile solids. 

1. By direct union. — The elements all burn in oxygen, forming 
dioxides, with exception of cerium. In presence of excess of the 
element, carbon forms monoxide, and titanium forms sesquioxide. 
Cerium yields, not dioxide, bub sesquioxide. Compounds of carbon 
also burn, giving carbon dioxide. Carbon unites with sulphur at a 
red heat, forming disulphide ; but it does not combine directly with 
selenium or tellurium ; and zirconium and thorium also form 
disulphides when heated in sulphur gas. The seleuidos and tellurides 
of the other elements have not been prepared. 

The combustion of carbon in oxygen may be shown by heating a piece of 
charcoal to redness in a Bunsen’s flame, and plunging it into oxyeen gas, as shown 
in fig. 33. The charcoal continues to burn brightly, and the product is carbon 


Fio. 33. 
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dioxide. The combustion of a diamond may also be shown, as in fig. 34, by 
wrapping up a fragment of diamond in a small spiral of thin platinum wire 
connected with two stout copper wires which pass through an indiarubber cork 
closing the end of a wide test-tube. The test-tube is filled with oxygen, and 
by means of an electric current from four Bunsen’s cells, the thin platinum wire 

Fig. 34. 



is heated to wliiteness. The diamond is thus raised to its point of ignition, 
and on discontinuing the current it continues to glow until it is finally totally 
consumed. That carbon dioxide is the product of combustion may be shown by 
shaking the contents of the tube with a little baryta-water (Ba(OH) 2 .Aq), when 
a white precipitate of barium carbonate, BaCOa, is formed. Another instructive 


Fig. 35. 
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experiment is devised to sliow^that the volume of carbon dioxide produced by the 
union with carbon of a known volume of oxygen is equal to that of the oxygen. 
The oxygen is contained in the bulb, and confined over mercury. The carbon 
is wrapped in a piece of platinum wire, and, as in the case of the diamond, 
heated to its point of ignition. The gas expands at first, of course, owing to 
its temperature being raised, but on cooling, the mercury in the two limbs of 
the y^tube returns to its original level, showing that the volume of gas is the 
same after it has been converted into carbon dioxide. (See fig. 35.) 

Carbon also withdraws oxygen from its compounds with other 
elements, combining with it, a mixture of monoxide and dioxide 
being usually formed. Carbon heated to bright redness in steam 
gives a mixture of monoxide, dioxide, and hydrogen (“ water-gas ”) 
There is littft doubt that the oxides of the other elements of this 
group could be similarly formed. 

Compounds of carbon with hydrogen and oxygen also burn in 
oxygen forming dioxide. Thus when a candle, consisting chiefly of 
carbon and hydrogen, burns, both its carbon and hydrogen unite 
with oxygen. The union takes place more rapidly in oxygen gas 
than in air, but the total amount of heat evolved is the same which- 
ever be employed. But owing to the greater rapidity of combina- 
tion, the temperature is higher during combustion in oxygen than 
m air. The oxidation of the blood of animals is also a slow com- 
bustion, taking place in the capillary bloodvessels, the oxygen being 
derived from the inspired air. 

2. By union of a lower oxide or sulphide with oxygen 
or sulphur. — Carbon monoxide burns in air or oxygen to form 
dioxide. A mixture of the two gases explodes on passing a spark, 
provided they are moist. No explosion takes places when they are 
dry, although combination occurs in the space through which the 
spark passes. ‘ Carbon monoxide also withdraws oxygen from 
oxides of many other elements, such as those of iron, copper, &c., 
to form dioxide. When heated to whiteness with steam, a portion 
is converted into dioxide. Titanium sesquioxide and sesquisulphide 
I’eadily unite with oxygen or sulphur, forming dioxide or disul- 
phide. 

3. By the action of heat on a compound. — Ail carbonates, 
those of lithium, sodium, potassium, rubidium, and coesium ex- 
cepted, lose carbon dioxide when heated. Barium carbonate re- 
quires a white heat ; strontium carbonate a bright red beat, and 
ciSlcium carbonate a red heat. These carbonates decompose more 
readily if heated in a current of some indifferent gas, such as air or 
steam. Compounds of the other dioxides have not been thus 
decomposed, owing to the non-volatility of the dioxides. But 
the sulphocarbonates, like the carbonates, are decomposed by 
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heat into sulphides and carbon disulphide. Calcium compounds, 
for example, decompose thus — 

OaOOs = CaO + GO^; CaCSa = CaS + GS^. 

The dioxides of titanium, zirconium, cerium, and thorium are 
produced by heating their hydrates or sulphates, and that of thorium 
by heating its oxalate. 

4 . By displacement. — This method, as a rule, yields the 
hydrates; but as carbonic acid (the hydrate of carbon dioxide) is 
very unstable, it is produced thus: for example, a carbonate, 
treated with sulphuric acid, yields a sulphate, carbon dioxide, and 
water : — Na2C03.Aq + H2S04.Aq = Na2S04.Aq -f f 702 + HqO ; 
or the reaction may be thus written : — C02.Na20 -f SO3.H2O = 
S03.N'a20 +GO2 + H2O. There is no tendency to form a compound 
between carbon dioxide and sulphur trioxide. 

In actual practice, carbon dioxide is prepared on a large scale 
by burning carbon in air, or by treating calcium carbonate with 
sulphuric or hydrochloric acid. When the last acid is used, some 
spray of hydrogen chloride is apt to be carried over with the carbon 
dioxide, hence it is advisable to wash it by leading it through a 
solution of hydrogen sodium carbonate. If sulphuric acidis employed, 
the calcium carbonate must be in the state of fine powder, else it 
becomes coated with an insoluble layer of sulphate which hinders 
further action. It is by this method that carbon dioxide is usually 
made in the manufacture of “ aerated water.’’ 

Cerium tetrafluoride, when heated in air, loses fluorine, and 
yields the dioxide. This is probably due to the moisture in the 
air, forming hydrogen fluoride, and would come under the next 
heading 

5 . By double decomposition. — Carbon disulphide has been 
produced by heating carbon tetrachloride to 200 ° with phosphorus 
pentasulphide ; substituting selenium for sulphur, a liquid was 
produced containing about 2 per cent, of diselenide. 

Special method. — Carbon dioxide is produced by the de- 
composition of grape-sugar, C6H12O6, under the action of the yeast 
ferment (Saccharomyces cerevisice), when ethyl alcohol, C2H5.OH, 
and carbon dioxide are the chief products. ^ 

The starch contained in grain is converted during the process of ‘‘ malting’ ^ 
or incipient germination, during which the grain is kept warm and moist on 
the “mal ting-floors,” into grape-sugar, by aid of the ferment diastase, con- 
tained in the grain. The growth is then stopped by heating the malt ; it is 
crushed, and is known as “grist;” it is transferred to the “mash-tun,” a 
large cask or vat, where it is treated with warm water. The solution of grape- 
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sugar thus obtained is called the “ wort ; ” it is mixed with yeast, and left to 
ferment, when the change already mentioned takes place. The carbon dioxide 
fills the vat and escapes into the air. The equation is— C6II12O6 = 2C2H6.OH 
+ 2CO2. 

Properties. — At the ordinary temperature carbon dioxide is a 
gas. Its boiling point under normal pressure is about —79°. It 
melting point is nearly the same as its boiling point ; it is given as 
— 78*5°, hence the liquid easily freezes by its own evaporation. It 
may be condensed to a liquid at a pressure of about 36 atmospheres 
at 10°. The gas is colourless, has a faint sweetish smell and taste, 
and is mucl^ heavier than air, hence it is best collected by down- 
ward displacement. Its great density (22, compared to air= 14*47) 
permits of its being poured from one vessel to another without 
much loss. Its density is easily shown by pouring it into a light 
beaker, suspended from the beam of a balance, and counterpoised. 


Fig. 36 . 




Carbon dioxide supports the combustion of the elements potas- 
siumf sodium, and magnesium. They deprive it of a portion of its 
o: 3 »ygen, forming oxides and carbon monoxide, as well as some free 
carbon ; the oxide then unites with excess of carbon dioxide, forming 
a carbonate. Carbon may also be said to burn in carbon dioxide, inas- 
much as when the dioxide is led over red hot carbon, the monoxide 
is formed : but because the heat evolved by this reaction is com- 
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paratively small, the carbon is not thereby kept at its temperature 
of incandescence, and action ceases, unless a supply of heat be 
added from without. When carbon burns in oxygen, therefore, the 
whole of the oxygen is not converted into carbon dioxide ; the action 
ceases when the dioxide formed bears a certain proportion to the 
total gas present ; the reverse action then tends to begin. Hence 
a candle, burning in air, goes out when the carbon dioxide formed 
reaches a certain proportion of the total gas ; and for the same 
reason, an animal dies when breathing a confined atmosphere, long 
before it has completely deprived it of oxygen. A man can breathe, 
however, for some time in an atmosphere in which a candle refuses 
to burn, as was shown by the late Dr. Angus Smith.* Carbon di- 
oxide is decomposed by the green colouring matter of plants in 
sunshine ; the exact nature of this decomposition is not known ; 
there are grounds for supposing that it consists in a reaction 
occurring between carbon dioxide and water, as follows ; 

CO2 -h H2O = H2CO 4 - O2. 

The substance HaCO is named formic aldehyde, and it has been 
recently shown to be easily transformable into a kind of sugar, 
C 6 H 12 O 6 , named formose. There may be some connection between 
this transformation and the formation of sugar in plants. The 
carbon dioxide is absorbed by the stomata or “ small mouths ” in 
the under surface of the leaves of plants, and oxygen is evolved. 
This may be experimentally shown by placing some blades of grass 
in a jar of water inverted over a trough. The oxygen gas collects 
in the upper portion of the jar during several days’ exposure to 
sunlight, and may be recognised by the usual tests. 

Liquid carbon dioxide is heavier than water, and does not mix 
with it. It is anon-conductor of electricity. Above the temperature 
30*9°, the critical point of carbon dioxide, the gas cannot be made to 
assume the liquid state by compression. The solid dioxide is a 
loose white powder, like snow, produced by allowing the liquid to 
escape into a thin flannel bag; the liquid absorbs heat during its 
conversion into gas, and a portion solidifies, owing to its being 
thus cooled. A mixture of solid carbon dioxide with ether gives 
a temperature of —100°. 

It has been recently shown that carbon and carbonic oxide do 
not unite with perfectly dry oxygen, unless they be kept exposed 
to a very high temperature. The presence of water or some 
other compound containing hydrogen being necessary, it is sup- 
posed that the carbon or carbonic oxide reacts with the water 
liberating hydrogen, thus — CO -|- = CO 2 + 2H, or C -f- 
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= 00 -f 2H, and that the hydrogen then unites with the oxygen, 
to form water, which is again acted on.* 

The test for carbon dioxide is its combination with calcium or 
barium oxide, when shaken with a solution of the respective hydr- 
oxide, to form carbonate, in either case a white powder, which 
effervesces with acids. 

The presence of carbon dioxide in expired air may be demonstrated by the 
arrangement shown in the figure : — 


Fio. 37. 



The air entering the lungs passes through lime-water in the bottle on the 
right hand side ; as ordinary air contains only 4 volumes of carbon dioxide 
in 10,000, a turbidity is not seen for some time. The exhaled air passes 
through the lime-water m the left hand bottle and soon turns it turbid. 

The amount of carbon dioxide in atmospheric air may be esti- 
mated comparatively by measuring the amount required to produce 
incipient turbidity in baryta water. 

The little apparatus is shown in fig. 38. The indiarubber ball is squeezed, 
the air escaping through the ofiening. The opening is then closed with the 
finger, and, on allowing the ball to expand, air is drawn through the baryta 


Fio. 38. 



Dixon, Chem. Soc., 49 , 94. 
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water. On remoying the finger the ball is again squeezed empty, and air is again 
drawn through the baryta water. Having found the number of charges 
of the ball which must pass through the baryta water to produce a turbidity 
with ordinary air, it may be assumed with fair correctness that the normal 
amount is present, viz., 4 volumes in 10,000. On applying the same test to 
vitiated air, fewer charges are required, and the amount of carbon dioxide may 
be calculated by simple proportion. 

Carbon dioxide rapidly combines with the hydroxides of sodium 
and potassium, as well as with those of calcium and barium. The 
method of absorbing it from gaseous mixtures is to shake them 
with a strong solution of potassium hydroxide. It may also easily 
be absorbed by passing it through a solid mixture of hydroxides of 
calcium and sodium, commonly termed “ soda-lime.” 

Carbon disulphide is a limpid colourless liquid, heavier than 
water and not mixible with it, melting at — 110° and boiling at 
46*04°. In the crude state it contains hydrogen sulphide and dis- 
agreeably-smelling sulphur compounds. It may be purified from 
hydrogen sulphide by shaking it with a solution of potassium 
permanganate, which oxidises that impurity, and from sulphur- 
compounds and sulphur by shaking it with mercuric chloride and 
mercury and distilling it. When pure it has a not unpleasant 
ethereal odour. Its vapour is very poisonous when breathed. Its 
vapour ignites very easily when mixed with air (at 149°), hence it 
must be kept away from a flame and distilled by aid of a water- 
bath. It is decomposed by light, acquiring thereby a disagreeable 
smell. It is slightly soluble in water. Its vapour explodes when 
exposed to the shock of decomposing fulminate of mercury, being 
resolved into the elements carbon and sulphur. It is formed with 
absorption of heat, hence its instability ; heat is evolved when it is 
exploded. It mixes easily with alcohol, ether, and oils, and is used 
for extracting oils and fats from acids, animal refuse, wool, &c., 
and as a solvent for sulphur chloride in vulcanising caoutchouc. 

It unites with sulphides, giving sulphocarbonates (see below), 
and when passed through a hot tube with chlorine it yields 
sulphur chloride (S 2 CI 2 ) and carbon tetrachloride (see p. 145). 

In preparing the pure dioxides of titanium, zirconium, cerium, and 
thorium, the chief difficulty is the separation from the oxides of other elecnents, 
especially from silica. The process is, fusion with a mixture of potassium and 
sodium carbonates (fusion-mixture), which yields in each case silicate, titana^e, 
zirconate, or thorate of the alkaline metals, and the oxides of the other metals, 
if these are present. In the case of titanium, hydrogen fluoride is added to the 
solution of the fused mass in water, and the titanium thrown down as double 
fluoride of titanium and potassium, TiF 4 . 2 KF. These crystals are afterwards 
dissolved in water, and on addition of ammonia the titanium is thrown down as 
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hydrate. With zirconium, the fused mass, consisting of silicate and zirconate 
of sodium and potassium, is mixed with excess of hydrochloric acid, and eyapo- 
rated to dryness. This gives a mixture of silica and oxychlorides of zirconium. 
On treatment with hydrochloric acid, the silica, not being thus converted 
into chloride, does not dissolve, but the zirconium dissolves as chloride, 
along with iron, &c. The solution is boiled with thiosulphate of sodium, which 
precipitates the zirconium, leaving the iron in solution. On ignition ot the 
thiosulphate of zirconium, pure zirconia, ZrOg, is left. 

Cerium is similarly separated,* but it is precipitated as oxalate, and on 
ignition the oxide Ce 203 is left. Thorium is precipitated as oxalate, from its 
solution in hydrochloric acid, after separation of silica ; and from a solution of 
the oxalate in hydrochloric acid by a strong solution of potassium sulphate, 
with which it combines, forming a double sulphate of thorium and potassium 
see p. 428) .f It also yields an insoluble thiosulphate. 

Titanium dioxide, native as rutile^ forms reddish-brown 
crystals ; artificially prepared it is a reddish-brown powder. It is 
insoluble in water and does not react with acids, except with 
strong sulphuric acid or fused bisulphates. 

It melts in the oxyhydrogen flame. It has been artificially 
crystallised by passing vapours of titanium tetrachloride and 
steam through a red-hot tube. 

Zirconia, or zirconium dioxide, is a white powder ; it is 
obtained in small quadratic prisms by crystallisation from fused 
borax. 

Cerium dioxide is a pale-yellow insoluble substance, which 
also crystallises from fused borax in tesseral crystals. On boiling 
with hydrochloric acid, chlorine is evolved, and the trichloride is 
produced, CeCh. With sulphuric acid it also dissolves, the sul- 
phate Ce2(S04)3.Ce( 864)2 being formed^with evolution of oxygen. 
It is soluble in nitric acid. 

Thorium dioxide, or thoria, is a white powder, separating 
from its solution in borax in transparent quadratic crystals. 

Compounds with water and hydrogen sulphide. — Carbon 
dioxide as gas dissolves to some extent in water; 100 volumes 
of water at 20° dissolve about 90 volumes, and at 15'^ about 
100 volumes. The solution has a pleasant sharp taste, and is 
usually called “ soda-water.” The carbon dioxide is, however, 
forced in under a pressure of several atmospheres. The gas 
esca^s quickly if the pressure is decreased immediately; but 
afiier some days or weeks it appears to have entered into combina- 
tion to some extent with the water, and does not then escape so 

* For details regarding cerium compounds see Brauner, Chem. Soc., 47, 
879 ; references to other papers are given. 

t Ol^ve, Bull. Soc. Chim. (2), 21, 116. 
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readily. The solution turns litmus solution claret coloured. It acts 
on zinc, iron, and magnesium, forming carbonates and liberating 
hydrogen. Itfprobably consists of a weak solution of carbonic acid, 
H 2 CO 3 , with carbon dioxide uncombined but mixed with the water. 

Carbon disulphide does not unite directly with hydrogen sul- 
phide, but snlphocarbonic acid, as the compound is named, 
H2CS3, is produced on addition of weak hydrochloric acid to a 
solution of a sulphocarbonate, e.g.^ Na 2 CS 3 (see below). It is a 
dark-yellow oil, with a pungent odour, and on rise of temperature 
it rapidly decomposes into carbon disulphide, CS 2 , and hydrogen 
sulphide, 

Many hydrates of titanium dioxide have beSn described, 
but the data regarding them are as a rule contradictory. On 
heating titanic hydrate thrown down from its chloride by an alkali 
it loses water gradually, with rise of temperature, and shows no 
sign of any definite hydrates. It is probable that there are many, 
and that no one is stable over any large range of temperature. 

The hydrates of zirconium dioxide appear also to be numer- 
ous. The only sudden break in drying the hydrate precipitated 
from the chloride by ammonia is at 400°. On reaching this tem- 
perature the body suddenly turns incandescent, and all water is 
expelled. It has then become difficult to dissolve in acids, and it 
is believed that sudden polymerisation has occurred, many mole- 
cules of ZrOi having united to form one complex molecule. 

Cerium hydrate at 600° has the formula Ce02.2H20. At 
lower temperatures it is brownish-yellow, but at that temperature 
and above it is bright yellow ; as it dries further, its colour changes 
to a salmon -pink. It is produced by the action of sodium hypo- 
chlorite on Ce 203 . 

Thorium hydrate is a gelatinous mass ; it probably resembles 
titanium hydrate. 


Compounds with Oxides and Sulphides— Carbon- 
ates, Titanates, Zirconates, Thorates— Carbon 
Oxysulphide, Oxysulphocarbonates, and Sul- 
phocarbonates. « 

These compounds maybe divided into two classes : (1) nonftal 
compounds, those in which the ratio of the number of oxygen 
atoms in the dioxide to that of the oxide of the metal is as 
2 : 1 ; and ( 2 ) basic compounds, those in which the ratio is 
less than 2 : 1 ; no acid compounds, those in which the ratio is 
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greater than 2:1, are known. The normal compounds are most 
numerous. 

But before considering these bodies it is advisable to describe 
carbon oxysulphide, of which the formula is COS* as shown by 
its gaseous density. This body, therefore, cannot be regarded as a 
compound of carbon dioxide and carbon disulphide, CO2.CS2, but 
as carbon dioxide, of which one atom of oxygen is replaced by sul- 
phur. It may be produced by leading a mixture of carbon dioxide 
and carbon disulphide gases through a tube filled with platinum 
black, t.e., finely-divided platinum, or by the union of carbon 
monoxide with sulphur. But it is most easily produced by the 
reaction b^ween sulphocyanide of hydrogen and water. The 
compound KCNS, on treatment with sulphuric acid, yields the 
acid HGNS. If the sulphuric acid be moderately strong and 
warm, it combines with the ammonia produced by the decom- 
position of the acid, thus: — HCNS -f fl20 = NH3 -f- COS. Car- 
bon oxysulphide is a not infrequent constituent of mineral springs, 
but, as a rule, it has for the most part reacted with water to form 
carbon dioxide and hydrogen sulphide, thus : — COS + H2O = 
CO 2 H 2 S. It is a colourless gas, without odour or taste when 
pure, somewhat soluble in water, and combustible to dioxides of 
carbon and sulphur. It is hardly affected by aqueous potash, but 
is easily absorbed by an alcoholic solution. Its physiological 
effects resemble those of nitrous oxide.f 

There are thus three bodies, all of which form compounds with 
oxides and sulphides, viz.: OO2, carbon dioxide; COS, carbon 
oxysulphide ; and CS2, carbon disulphide. 


Compounds of Carbon Dioxide with Oxides. 

1. Normal carbonates. — Ratio of oxygen in carbon dioxide 
to oxygen in combined oxide, 2:1. 

The following is a list of the known compounds : — 

Simple carbonates: — LisCOs; NasCOs with 15 , 10 , 8, 7 , 6, 5 , 2 , and 
IH2O ; K2CO3 with 2H2O and H2O j Ilb2C03.H20 ; CS2CO3 ; 
{NH4)2C03.H20. 

Complex carbonates : — HNaCOa ; H2Na4(C03)3.3H20 ; HKCO3.H2O ; 
y HRbC03 ; HCsCOg ; HNH4CO3 ; H2(NH4)4(C03)3.2H20. 

^ These carbonates are all made by the action of carbon dioxide on 
a solution of hydroxide of the metal, thus : — 2NaHO.Aq -f CO2 = 
NasOOs.Aq -f H2O. 

Than, Annaletif Suppl. 1, 236. 
t J. praTct. Chem. (2), 80, 64. 
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Of these, lithium carbonate, Li2C03, occurs in mineral waters ; 
it is sparingly soluble in water (about 1*4 grams in 100 of 
water at 20°), and may be produced by addition of a concen- 
trated solution of sodium carbonate to a soluble salt of lithium. 
For the preparation of sodium and potassium carbonates, see 
p. 671. 

Sodium carbonate is a constituent of certain “ soda-lakes ” in 
Egypt and Hungary ; it also occurs in volcanic springs. 

The ordinary name for the carbonate Na^COs is soda-ash; for 
the crystalline salt, Na2CO3.10H2O, soda crystals or “ washing- 
soda;” and for hydrogen sodium carbonate HNaCOs, hicarhonate, 
or “ baking-soda.” The latter is produced by treating the normal 
carbonate (crystals) with carbon dioxide, thus : — NajCOa + CO 2 + 
H2O = 2NaHC03. Hydrogen sodium carbonate is less soluble 
than sodium carbonate. 

Carbonate of sodium melts at about 818°, and of potassium 
at about 830°. On heating hydrogen sodium carbonate it loses 
water and carbon dioxide, and yields sodium carbonate, thus : — 
2HNaC03 = H 2 O -h CO 2 -f NajCOs. The simple carbon- 
ates, except those of ammonium (see p. 533), volatilise un- 
changed at a bright red or white heat, and are not decomposed 
into carbon dioxide and metallic oxide. It is probable that a car- 
bonate of sodium and potassium also exists, of the formula 
NaKCOa; a mixture of the two is named “fusion mixture,” and 
is used in the decomposition of silicates, &c. It has a much lower 
melting point than either of the pure salts. The compound 
H2Na4(C03)3.3H20 occurs native, and is known as trona or urao ; 
in old times it used to be an important source of soda. These bodies 
have all an alkaline, cooling taste ; the ammonium compound 
smells of ammonia, owing to its decomposing, on exposure, into 
ammonia, carbon dioxide, and water. Hydrogen ammonium car- 
bonate is found in guano deposits. 

Simple carbonates : — BeC03.4H20 ; OaCO^, also SHgO ; SrCO^ ; 
BaCOg ; MsrCOs ; also 3H2O and 5H2O ; ZnCOj j CdCOg. 

Complex carbonates ; — H2Ca(C03)2.Aq (?) ; Na20a(C03)2.5H20 ; 
HaMgCCOals-Aq; Na2Mfir(C03)2 ; HKMfir(C03)2.4H30 j 
(NH4)2Mg'(003)2.4H20 ; H2K8Zng(C03)ii.7H20 : N’agZn 8 ( 003 ) 2 i. 8 H 20 . 
!N^a8Zng(C03)22.8£[2^* ' 

These carbonates are all wliite solids. They are deconi^ 
posed by heat (see the respective oxides), barium carbonate 
requiring the highest temperature. The following are found 
native ; — Calcium carbonate, CaCOa, as calcspar or Iceland-spar^ 
in hexagonal rhombohedra ; as arrayonite in trimetric rhombic 
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prisms ; as marble, limestone, chalk ; a constituent of shells, 
bones, &c. It may be produced in the form of calcspar by 
crystallisation from a mixture of fused sodium and potassium 
chlorides ; by precipitation from solution below 30 ° ; and as 
arragonite by precipitation above 90 °.* Between these tempera- 
tures mixtures of microscopic crystals of the two are precipitated 
by addition of sodium or ammonium carbonate to a solution of a 
soluble salt of calcium. When heated to redness in a closed iron 
tube, calcium carbonate fuses, and then yields a crystalline mass 
resembling marble. The carbonates of calcium, strontium, and 
barium are formed by direct union of oxide with carbon dioxide ; 
the union is ^attended with great evolution of heat, causing the 
oxide to become incandescent ; the product with lime has the 
formula C 02 . 2 Ca 0 . The compound Na2Ca(C03)2.5H20 is named 
gaylussite ; strontium carbonate, SrCOa, is found native as stron- 
tianite ; and barium carbonate, BaCOa, as witherite. MgCOa is^ 
magnesite, and a double carbonate of calcium and magnesium, in 
which indefinite amounts of both metals are present, is dolomite ; 
it forms large mountain ranges, named “ The Dolomites,’^ in 
northern Italy. Zinc carbonate, ZnCOs, occurs native as calamine, 
and is accompanied by cadmium carbonate, CdCOa. 

The so-called acid carbonates, e.g,, H2Ca(C03)2, H2Mg(C03)2, 
and similar compounds of barium, strontium, &c., have not been 
isolated. Their existence is assumed because the normal car- 
bonates dissolve freely in a solution of carbonic acid. On warm- 
ing the solution, they are decomposed with evolution of carbon 
dioxide and precipitation of the simple carbonates. 

Carbonates of boron and scandium are unknown ; of this group 
only ¥2(003)3.121130, and 2H20 ; and La2(C03)2, found native 
as lanthanite, are known. The existence of a carbonate of alu- 
minium is doubtful ; carbonate of gallium is unknown. 1112(002)3, 
however, has been prepared. These are insoluble white bodies, 
which lose carbon dioxide when heated, leaving the oxides. 

Thallium forms no thallic carbonate, but thallous carbonate, 
TI2OO3, is produced by precipitation. There is some evidence of 
a hydrogen thallium carbonate, HT1(003). 

Chromic, ferric, and manganic carbonates are unknown. On 
addition of a soluble carbonate to their soluble salts, e.g,, chlorides, 
the hydrates are precipitated, and carbon dioxide escapes, 
thus 

2 CrCl 3 .Aq + SNajCOj.Aq = CrjOj.Aq + 6 NaCl.Aq + SCOj. 

* Comj^tes rend,, 92, 189. 
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The carbonates derived from the monoxides of these metals are 
as follows : — 

Simple carbonates : — CrOOs; FeCOa; MnCO^; CoOOj; NiCOa. 

Complex carbonates : — HKCo(C03)2.2H20 ; H2NaoCo(003)3.4H20 ; 

Na2Co(CO3)2.10H2O; HKN1(C03)2.4H20 ; K:2Ni(C08)2.4H20 ; 

Na 2 NiCo{CO 3 )a.l 0 H 2 O. 

Of these, chromons carbonate is produced by mixing a solu- 
tion of chromons chloride with sodium carbonate ; FeCOs is found 
native, and named spathic iron ore or siderite ; in an impure state, 
mixed with clay or shale, it is termed clay-hand or hlaclc-band, and 
forms one of the most important ores of iron. WhejL pure it is a 
whitish crystalline rock. It is soluble in water containing carbon 
dioxide ; such a solution may contain hydrogen ferrous carbonate, 
HaFe (003)2, which, however, has not been isolated. It is in this 
form a constituent of iron springs, and, on exposure to air, it loses 
carbon dioxide, and the iron oxidises to ferric hydrate, and deposits 
on the bed of the stream. A hydrated carbonate, FeCOa.HoO, 
also occurs native. Manganese carbonate, MnCOj, occurs native 
as mangomese spar. 

No carbonates of titanium or zirconium are known. 

Cerium hydrate, however, on exposure to air, absorbs carbon 
dioxide, yielding Ce 2 (C 03 ) 3 . 9 H 20 . Silicon and germanium do 
not yield carbonates, but tin forms a basic carbonate (see below). 
Lead carbonate, PbCOs, occurs native, and is known as cerussite. 
Lead oxide sometimes replaces calcium oxide in native calcium car- 
bonate, to the extent of 3 or 4 per cent. ; the compound is called 
phimhocalcite. Flumho-arragonite has also been found native at 
the lead hills in Lanarkshire. A chlorocarbonate, of the formula 
PbC03.PbCl2, may be produced by boiling lead carbonate and 
chloride together in water. It is an insoluble white substance. 
It also occurs native as corneous lead. When heated, it loses 
carbon dioxide, leaving PbO.PbCL. 

Carbonates of nitrogen, vanadium, niobium, and tantalum are 
unknown, and also carbonates of phosphorus, arsenic, and anti- 
mony; a basic carbonate of bismuth has been prepared (see 
below). 

Carbonates of molybdenum and tungsten do not appear to Vxist, 
but several double carbonates of uranyl (UO2) (see p. 4 Q 7 ) 
have been prepared. These are Na4(U02)(C0)3, K4(U02)(C03)3, 
and (NH4)4(UO2)(0O 3)3. A calcium compound occurs native ; its 
formula is Ca(U02)(C03)2.10H20. It is seen that the group UO2, 
or uranyl, acts like a dyad metal. 
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Normal carbonate of copper is unknown. The only known 
normal compound has the formula Na2Cii(C03)2.6H,0. Silver 
carbonate, Ag^COs, is a yellowish- white powder, produced by 
precipitation; it loses carbon dioxide at 200° ; KAgGOa is formed 
if HKCO3 be used ; it is white. Mercurous carbonate, HgsCOs, 
is a very unstable brown precipitate. Carbonates of gold and of 
the metals of the palladium and platinum groups are too unstable 
to exist. 

Considering ^these carbonates as a whole, it may be noticed 
(1) that with exception of those of the sodium group of metals all 
are decomposed by heat into oxide and carbon dioxide ; (2) those 
of the sodium, calcium, and magnesium groups, and thallous and 
cerium carbonates are formed by direct union of the hydroxides 
and carbon dioxide ; (3) that the oxides, except those of the 
.sodium group, do not combine directly with carbon dioxide ; cal- 
cium oxide, however, begins to combine at 415° ; and (4) that the 
carbonates of calcium, strontium, barium, and silver, are the only 
normal ones produced by precipitation by addition of a soluble 
carbonate to a soluble salt of the metals. In all other cases, basic 
carbonates are precipitated. These will now be considered. 

2 . Basic carbonates.— These bodies contain a greater proportion of the oxide 
of the metal than is represented by the ratio given before. The oxygen of the 
metallic oxide bears a larger ratio to that of the carbon dioxide than 1 : 2 . Their 
formulae are most conveniently stated as addition-formulae ; the relations then 
appear most clearlv* They are unknown in the sodium group of elements. 

CO2.5BeO.5H2O; 6OO2.3Bl2O.4BeO; OO2.2OaO.H2O ; 002.2Ca0 (produced 
by heating CaCOa ; by heating CaO in CO2, the mass turning incandescent 
during union ; or by exposure of Ca(OH)2 to air) ; 3002 . 40 aO, also produced 
by direct union; 002.2SrO ; 002.2Ba0 ; 4 C 02 . 5 M |?0 (precipitated hot); 
3002 . 4 MerO (native ; hydromagnesite) ; OO2.2Z11O.H2O ; OO2.3ZnO.3H2O 

(native; zinc bloom) ; OO2.5ZnO.6H2O ; 2OO2.3ZnO.H2O; 2OO2.5ZnO.5H2O ; 
4CO2.5ZnO.H2O ; 4OO2.9ZnO.6H2O ; C 02 . 3 Cd 0 . These substances (the 

cadmium, strontium, and barium compounds excepted) are produced by pre- 
cipitation under various conditions of tempemture and dilution. 

2OO2.4Tl1O2.8H2O appears to exist, but there are no corresponding com- 
pounds of tin or lead. C02.2Su0, however, is thrown down on addition of 
sodium carbonate to stannous chloride, SnClg. as a white precipitate. 

The substance known as white-lead is probably a mixture of basic carbonates 
of lea^ Seen under the microscope, it consists of small spherical masses, each 
of winch, is opaque and reflects white light. Hence its use as a paint. 
It possesses great ‘‘covering power,’* owing to its not transmitting light. 
It is produced by the action of acetic acid, carbon dioxide and water on 
metallic lead; similar basic carbonates, which however, have not the same 
opaque quality, are produced by precipitation. The following have been 
analysed ; — 

TT 
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2CO2.3PbO.H2O j 3OO2.4PbO.H2O ; 6CO2.6PbO.H2O ; 6CO2.7PbO.2H2O ; 
and 6CO2.8PbO.3H2O. 

Ferrous salts, on treatment with a soluble carbonate, give a white precipitate 
of presumably basic carbonate. This precipitate rapidly turns green, absorbing 
oxygen : it has not been analysed. With manganese, cobalt and nickel the 
following compounds are known: — CO2 3O0O.3H2O ; 2 C 02 . 5 Co 0 . 4 H 5 i 0 ; 
C 02 . 3 N’i 0 . 6 H 20 (found native, and named emerald nickel) ; 2CO2.5NiO.7H2O. 

Copper and mercury also form basic carbonates. CO22CUOH2O occurs 
native as malachite^ a beautiful green mineral, and 2CO2 3CUO.H2O, as 
azuritCy which has a splendid blue colour. By precipitation CO2 6CuO and 
C 02 . 8 Cu 0 5H2O are formed as light blue precipitates. Mercuric salts with 
soluble carbonates give a reddish precipitate of CO2 4 HgrO. 

Titauates, zlrconates, and thorates. — These have been little investigated. 
The compounds which have been prepared are : — 

Na2Ti03 ; K2Ti03 ; MgrTiOg ; FeTiOs > CaTiOs ; and ZnTiOs ; also 
Ti02 2ZnO; 2 Ti 02 . 3 Zn 0 j 5 Ti 02 . 4 Zn 0 . 

The titanates of sodium and potassium are yellowish, fibrous masses, pro- 
duced by heating titanic oxide with excess of carbonate of sodium or potassium. 
On treatment with water they decompose, a sparingly soluble (acid ?) salt 
being precipitated, while a (basic ?) salt remains in solution. Obviously these 
compounds have little stability. Magnesium and iron titanates are produced 
by heating titanium oxide with magnesium chloride, or with a mixture of ferrous 
fluoride and sodium chloride. The iron titanate forms long thin steel-grey 
needles. It is formed native as ilmeniie : it is isomorphous with and crystal- 
lises along with iron sesquioxide. The compounds Ti02 2 Mg ’0 and Ti02 2 FeO 
are similarly prepared. Calcium titanate, CaTi03, occurs native as perowskite. 

By igniting together zirconia and sodium carbonate, the compound NagZrO^ 
is formed. It is decomposed by water into zirconium hydrate and sodium 
hydrate. A larger amount of carbonate yields Zr02 2Na20 ; it is also decom- 
posed by water, and deposits hexagonal crystals of a salt of the formula 
8Zr02.Na20 I2H2O. Magnesium zirconate has also been prepared by fusing 
zirconium dioxide and magnesium oxide in presence of ammonium chloride. It 
is a powder consisting of transparent crystals. 

Although thorium dioxide dissolves in alkalies, and probably unites with 
oxides, no thorates have been analysed. 

Compounds of sulphides with sulphides. — These bodies 
have been investigated only in the compounds of carbon. They are 
named sulphocarbonates or thiocarhonates, from the Greek word for 
sulphur, Oeiov. They are produced by the action of carbon disul- 
phide on sulphides, which is analogous to that of carbon dioxide 
on oxides. Those which have been prepared and analysed 
are ; — ^ 

liiOSj; NaOSa; H2OS3; (NH4)20S3; MgrOSs; OaCSs; SrCSy ; BaCSa. 

Precipitates are produced by potassium sulphocarbonate in 
solutions of zinc, cadmium, chromium, iron, manganese, cobalt. 
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nickel, tin, lead, bismuth, platinum, silver, gold, and mercury. 
These require further investigation. 

Potassium sulphocarbonate consists of yellow deliquescent 
crystals ; it is formed by digesting an aqueous or alcoholic solution 
of potassium sulphide, K2S, with carbon disulphide ; the crystals 
contain water, which is expelled at 80®, leaving a brown- red solid. 
On heating it, potassium trisulphide, K2S3, remains, mixed with 
carbon. The ammonium salt is produced along with ammonium 
sulphocyanide, by digesting carbon disulphide with alcoholic 
ammonia, thus 2CS. + 4N'H3 = (NH4)2CS3 4 - NH4CNS. It 
forms yellow crystals, insoluble in alcohol, but soluble in water. 
The calcium and barium salts are prepared like the potassium salt. 
Milk of lime and carbon disulphide give an orange-red basic salt, 
CaCS3,2Ca0.8H20 ; at 30® it melts to a red liquid, from which 
CaCSa.SCaO.lOHaO separates. The action of carbon oxysulphidcr 
on sulphides requires investigation. 

Compounds of oxides with halides. — It has already been 
stated that carbon monoxide and chlorine combine directly ; the 
product is carbonyl chloride, or carbon oxychloride, COGk- Its 
vapour-density shows it to have that formula, and not to be a 
compound of CO2 and CCI4. It is produced on exposing a mixture 
of the two gases to sunlight, hence its old name, phosgene gas, a 
gas produced by light (0a)9). It is more easily prepared by passing 
carbon monoxide through hot antimony pentachloride, SbCls, which 
loses two atoms of chloiine ; or by passing a mixture of the gases 
through a tube filled with hot animal charcoal. It condenses to a 
liquid boiling at 8'4°.* When treated with water it produces carbon 
dioxide and hydrogen chloride. Assuming the carbon dioxide to 
remain in combination with water, as carbonic acid, the change 
may be thus represented : — 


CO<g 


. H.OH 
H.OH 


co<-g + 


HCl 

HCl. 


Light is thus thrown on the constitution of carbonic acid. 
It appears to consist of carbon monoxide in combination 
with hydroxyl ; and the normal carbonates may be similarly 

rej)j^ented ; for example, sodium carbonate as 

OH 

hydrogen sodium carbonate as calcium carbonate as 

CO<Q>Ca j basic copper carbonate as C0 <q~q^> 0, each atom 

• For sulphochlorides, see P. Klason, Berichtey 20, 237fi. 

ij 2 
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of copper being half oxide, half carbonate. The more complex basic 
carbonates may also be similarly represented ; e.g., basic lead car- 


bonate may be written 




But such complicated 


formulae are not confirmed by any other considerations, and should 
be sparingly used ; moreover, it is impossible to represent the 
various amounts of water in combination with such compounds in 
any way but by simple addition. 

The oxychlorides of titanium have recently been investigated, 
and their formulas appear capable of similar modes of expression. 
Titanium tetrachloride may be supposed to react witlf water form- 
ing the hydroxide Ti(OH)4, which, however, appears to be unstable 
(see p. 284). The corresponding carbon hydroxide, C(OH)4, is 
Certainly incapable of existence, but if, instead of hydrogen, it 
contain certain hydrocarbon groups, such as ethyl, C2H5, it 
becomes stable. For example, the body C(OC2H5)4 is known, and 
is named ethyl orthocarbonate, the name orthocarbonic acid being 
applied to the unknown C(OH)4. If water containing hydrogen 
chloride in solution (36 per cent. HCl) be mixed with titanium 
chloride, a violent reaction occurs, and a yellow, spongy, very 
deliquescent mass is produced, which has the formula Ti(OH)Cl.,. 
It is tolerably stable in aqueous solution. On adding titanium 
tetrachloride to very cold water in theoretical amount, the dihy- 
droxydichloride, Ti(OH)2Cl2, is produced. It is a yellow deli- 
quescent substance ; and may also be mixed with water. On 
exposing the di- or tri-chloride to moist air for some time, the 
trihydroxy monochloride is formed, Ti(OH)3Cl. It has been 
obtained in a crystalline form. It is insoluble in water, but soluble 
in weak hydrochloric acid. We have thus the series : — 


TiCl*; Ti(OH)Cl3; Ti(OH)2Cl2; Ti(OH)3Cl; and Ti(OH)4. 


All of these compounds, when heated alone, evolve titanium 
tetrachloride or hydrogen chloride, leaving a residue of dioxide. 

Oxychloride of zirconium, ZrOCl2, separates in tetragonal 
crystals from a hydrochloric solution of the oxychloride in water ; 
a similar bromide is known. 

A higher oxide of titanium is produced on treating titanium hydrate^ "^ith 
hydrogen dioxide.* It is a yellow substance, the formula of which approxi- 
mates to Ti03.3H20. It appears to form compounds with TiOj in the ratios 
4Ti02.Ti03j STiOj.TiOaj 2Ti02.Ti03; and TiO^-TiOa. 


* Chem, Soc,, 49 , 160, 484. 
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Certain fluorine derivatives of this body in combination are also known. 
They are as follows : — 

T10jF2.2HP; TIO 2 P 22 KP; TlOaPs-BaPj; 2T102P2.3BaB’2 ; TiOF4.BaF2; 
and Ti02P2-3NH4P. 

Attempts to prepare similar zirconium compounds yielded Zr 20 (nH 20 , as a 
white precipitate ;• and cerium trioiide has been thus prepared as an orange- 
red prccipitate.+ Thorium yields an oxide of the formula ThQOy by similar 
treatment. 


Physical Properties. 


Hass of 1 ^ubio centimetre : — 




0. Ti. 

Zr. Oe. 

Th. 

Monoxides. . • . . 

. . . 

? — 

^ 

— 

Dioxides 


1-2— l-6t 4 25§ 

5-85 6* * * § 93—7 09 

10-22 

Hydrated dioxides 
Monosulpliides . . , 
Disulphides 

1-66 — 

129 (0°) — 

- 5*1|| 

8 29 

Carbonates. Li. 

Na. 

K. Ca. Sr. 

Ba. Mg. Zn. 

Cd. 

1-79 

2*4 

21 2 9 3-6 

4*3 3*0 4 4 

43 

Tl. 

Pb. 

Mn, Fe. Ag. 



7-2 

6-5 

3 6 3-8 6 0 




Heats of formation ; — 

C + 0 = CO + 290K; CO -l- O = CO 2 + 680K; C + 20 = CO, + 

970K. 

CO + Cl, = COCl, + 261Kj C + 0 -t S = COS + 370K; C -I- 28 = 
CS, - 260K. 

2NaOH.Aq + CO, = NajCOj.Aq -e 261K; 2K0H.Aq -t CO, = KjCOj.Aq 

+ 2C1K. 

CaO + CO, = CaCOj + 308K (?) ; SrO + COj = SrCO, + 958K ; 

BaO + CO 2 = BaCOj + 622K. 

AgjO + CO, = AerjCOa + 200K; PbO + CO, = PbCO, - 744K. 


* BericMe, 16, 2599. 

f Comptes rend., 100, 605. 

t Solid. 

§ Artificial; Sulile, .B/oo/tife, 3'89-4'22| Anatase, 3'76-4i'06. 
11 Ce,S,. 
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CHAPTEK XXI. 

OXIDES, SULPHIDES, SELENIDES, AND TELLURIDES OF MEMBERS OF THE 
SILICON GROUP. — SILICATES, STANNATES, AND PLUMBATES. — OXY- 
HALIDES. 

r 

Oxides, Sulphides, Selenides, and Tellurides of 
Silicon, Germanium, Tin, and Lead. 

The formula3 of the compounds of this group of elements 
resemble those of carbon and titanium. There are monoxides, 
sesquioxides, dioxides, and intermediate combinations, but no per- 
oxides have been prepared. But a noticeable difference is that the 
monoxides, except fhat of silicon, form compounds ; the com- 
pounds of the dioxides are very numerous ; and we again meet 
with resemblances between the first number of the previous group 
with that of this group ; t.e., between compounds of carbon and 
silicon, as we do between those of beryllium and magnesium, and 
of boron and aluminium. 


I. Monoxides, monosulphides, selenides, and tellurides. 

Silicon. Germanium. Tin. Lead. 


Oxygen SiO (?). GeO.* SnO. PbO. 

Sulphur SiS. GeS. SnS. PbS. 

Selenium ? ? SnSe. PbSe. 

Tellurium — — — PbTe. 


Sources. — Lead monoxide occurs as lead ochre, a yellow earthy 
mineral found sparingly among lead ores. The sulphide is the 
chief ore of lead. It is named galena. It occurs in crystals 
derived from the cubical system, usually rhombic dodecabedra. 
It has a very distinct cubical cleavage, and forms leaden -colpured 
masses with brilliant metallic lustre. It is found inthelsKof 
Man, at the lead hills in Lanarkshire, in Cornwall, in the raoun- 
tain limestone of Derbyshire, and in the lower silurian strata of 
Cardiganshire and Montgomeryshire. It is also found in combina- 


* J.prakt. Chem. (2), 84, 177 ; 86, 177; Chem. Centralhl., 1887, 329. 
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tion with the sulphides of arsenic, antimony, and copper. Lead 
selenide occurs as clansthalite^ and the telluride as altaite. 

Preparation. — 1 . Direct union.— The only monoxide obtain- 
able thus is that of lead. It is prepared as massicot by heating 
lead in a reverberatory furnace to dull redness, taking care that 
the resulting oxide shall not fuse, and raking it away as it is 
formed. If the oxide fuses, it forms litharge. The monosulphides 
of tin and lead are also produced directly, by melting the metal 
and adding sulphur. In the case of lead, the mixture becomes 
incandescent owing to the heat liberated during combination. 
Lead sele\iifle is similarly prepared. 

2. By hating a compound. — Germanous, stannous, and lead 
hydrates, heated in a current of carbon dioxide, lose water, leaving 
the monoxides. If heated in hydrogen, the temperature must not 
exceed 80‘\ else reduction to metal takes place. The dehydration 
of stannous hydrate takes place on boiling water in which it is 
suspended, the condition being the absence of ammonia. Lead 
hydrate suspended in water loses water on exposure to sunlight, 
forming crystalline monoxide. Tin oxalate and lead oxalate, 
carbonate, or nitrate, when heated, yield monoxides. 

3. By reducing a higher compound. — Silicon monoxide is said 
to have been formed as one of the products of heating silica in the 
Cowles* electric furnace, which is lined with carbon. No doubt it 
would be possible to prepare germanium and tin monoxides from 
the dioxides by careful heating in hydrogen gas ; but the reduc- 
tion is apt to go too far, and to produce metal. Lead dioxide and 
its compounds, when strongly heated, yield monoxides. 

Silicon disulphide, when heated to whiteness, loses sulphur, 
and yields monosulphide ; and germanium disulphide is reduced to 
monosulphide by heating in hydrogen. 

Stannic sulphide, SnSz, loses sulphur at a red heat, forming 
monosulphide ; also the sesquisulphide, 811283 . 

4. By double decomposition. — Tin and lead monoxides are 
produced by heating their corresponding chlorides, BnCL or PbCL, 
with sodium carbonate. It may be supposed that the carbonates 
first formed are decomposed, leaving the monoxides. 

The sulphides are produced by heating the oxides in vapour of 
car^n disulphide, or in the case of germanium, tin, and lead, by 
tr.mting a solution of a salt of the metal or of the hydroxide in 
potassium hydroxide with hydrogen sulphide or some other soluble 
sulphide. 

Stannous selenide is best prepared by the action of selenium on 
hot stannous chloride. 
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Properties. — Silicon monoxide is said to be an amorphous 
greenish powder ; those of germanium and of tin blackish powders. 
Tin monoxide may be obtained crystalline by heating a mixture of 
the hydroxide and acetate to 133^ ; and of a vermilion colour by 
evaporating a solution of ammonium chloride in which the hydrate 
is suspended. Lead monoxide, in the form of massicot, is lemon- 
yellow ; it may be prepared pure by strongly heating lead car- 
bonate or nitrate ; and in the form of litharge as a yellowish-red 
laminated mass of crystals. A red variety is produced by heating 
the hydroxide to 110°. It, too, can be obtained crystalline by fusion 
with caustic potash ; it separates out in cubes on slow cooling ; if it is 
allowed to deposit from an aqueous solution of potassiifm hydroxide 
it separates first in yellow laminm, and afterwards in red scales. 

Of these oxides, lead oxide is the only one soluble in water ; it 
requires 7000 times its weight of water for solution. 

The monoxides of silicon, germanium, and tin appear to have 
very high melting points ; lead oxide melts at a red heat. 

Silicon monosulphide is a volatile yellow body; that of 
germanium, when obtained by precipitation, forms a reddish- 
brown amorphous powder ; but when prepared in the dry way 
it consists of thin plates, transparent and transmitting red light ; 
but grey, opaque, and exhibiting metallic lustre by reflected light. 
Its vapour- density is normal, corresponding to the formula GeS. 
It volatilises easily. 

Tin monosulphide is a leaden-grey crystalline substance, 
exhibiting metallic lustre. It has also been prepared by electro- 
lysis of a solution in alkaline sulphide, and then forms metallic- 
looking cubes. The precipitated variety is brown and amorphous, 
and is sparingly soluble in alkaline sulphides. It dissolves in and 
crystallises from fused stannous chloride, SnCl^. The selenide 
forms steel-grey prisms. 

The appearance of lead sulphide as galena has been already 
described. When heated it melts, and volatilises at a high tem- 
perature. Prepared by precipitation, it is a black amorphous 
powder if the solution be cold ; and if warm, greyish and crys- 
talline. 

Lead sulphide and oxide react together when heated, yielding 
metallic lead and sulphur dioxide, thus — 

PbS 4- 2PbO = 3Pb + SO^, 

This reaction is made use of in the extraction of lead from its ores. 
The sulphide when roasted is converted partially into the oxide ; 
and on raising the temperature, metallic lead is produced. 
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The selenide is a grey porous mass when artificially prepared ; 
native as clausthalUte it forms leaden grey crystals with metallic 
lustre. 

Compounds of the monoxides, &c. (a.) With water. — 

Silicon monoxide has not been obtained in combination with water. 
The hydrate of germanium monoxide has not been analysed ; it is 
a white precipitate produced on boiling germanium dichloride with 
caustic potash. That of tin monoxide is produced by adding 
sodium carbonate to a solution of tin dichloride ; this precipitate 
is also said to consist of a basic carbonate of the formula 
C 02 . 2 Sn^ (see p. 289 ). 

Hydrate ^f lead monoxide, prepared by precipitation and dried 
in air, has the formula 2Pb0.H20; and after standing for some 
weeks over sulphuric acid, so as further to dry it, its formula is 
SPbO.HaO. The first of these hydrates forms microscopic crystals, 
and the second, lustrous octahedra. 

A mixture of lead hydrate and basic carbonate is produced on 
exposing metallic lead to the action of water and air. Water alone 
has no effect on lead, nor has oxygen ; but together they attack it, 
and as the metal lead is commonly used for water-pipes, the slight 
solubility of the oxide is apt to cause it to contaminate the water. 
It is found that the presence of sulphates, carbonates, and chlorides 
stops this action. 

(b.) Compounds with oxides. — No compounds have been pre- 
pared with silicon or germanium monoxides ; but hydrated tin and 
lead monoxides are soluble in sodium, potassium, calcium and 
barium hydroxides, no doubt forming compounds. The calcium 
compound is said to form sparingly soluble needles. A yellow 
precipitate of the formula 2Pb0.Ag20 is produced by adding 
caustic potash to a mixture of two soluble lead and silver salts ; it 
is probably analogous to the compounds with the former oxides. 
On boiling a solution of stannous hydrate in caustic potash, 
metallic tin is deposited, and a stannate (see below) is formed. 

(c.) Compounds of sulphides with sulphides. — Mono- 
sulphides of silicon, germanium, tin, and lead are insoluble in 
solutions of monosulphides of the alkalies, and no compounds 
are known. Compounds of lead sulphide with those of arsenic 
and^tiraony occur in nature, and will be described later on. 

\d.) Compounds with halides. — No compounds of silicon or 
germanium monoxides with halides are known ; but stannous 
chloride, SnCl2, if dissolved in much water, deposits a white pow- 
der of the formula SnO.SnCl2.2H2O, according to the equation — 
2 SnC’a.Aq + 3 HaO = SnO.SnCl2.2HaO + 2 HCl.Aq. 
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The same compound is produced by the action of atmospheric 
oxygen on a solution of stannous chloride — 

SSnCh.Aq -|- 0 = SnCh.Aq -f SnO.SnCl2.2H2O. 

The decomposition may be prevented by addition of a soluble 
chloride, such as hydrogen or ammonium chloride, which forms a 
double salt with stannous chloride not decomposed by air, and not 
altered by water (see p. 154). 

The oxyhalides of lead are pretty numerous. A fusible oxy- 
fluoride is produced by heating together fluoride and oxide. Five 
oxychlorides are known, viz. : — ^ 

Pb0.3PbCl2, a laminar pearl-grey substance, obtained by fusion 
of oxide with chloride, and treatment with water. 

PbO.PbCl., found native as matlockite in yellowish translucent 
crystals ; and produced by fusing together lead chloride and carbon- 
ate, or by heating lead chloride in air. It is manufactured as a 
pigment by adding to a hot solution of lead chloride, lime water 
in quantity sufficient to remove half the chlorine as calcium chloride. 
It has a white colour, and good covering power. 

2PbO.PbCl2, a mineral known as mendipite, forming white, 
translucent crystals. 

SPbO.PbCl), prepared by fusion ; or by adding a solution of 
sodium chloride to lead oxide. It is a yellow substance, and is 
used as a pigment under the name of Turner^ s yellow. 

5PbO.PbCl2, produced by fusion, is a deep yellow powder, and 
7PbO.PbCl2, prepared by heating together litharge and ammonium 
chloride, forms cubical crystals. It is a fine yellow pigment, and is 
known as Cassel yellow. 

Two oxybromides have also been produced, by decomposition of 
the double bromide of lead and ammonium (see p. 154) with 
water, viz., PbO.PbBr2.H2O, and 2(Pb0.PbBr2)3H20. The same 
compounds are produced by the action of atmospheric oxygen on 
fused lead bromide, PbBra, but anhydrous. Oxy iodides of the 
formulEe PbO.Pbl2, 2PbO.PbI2.H2O, 3PbO.PbI2.2H2O, and 
5PbO.Pbl2, are produced by similar reactions. The first of these, 
when prepared by the action of hydrated lead peroxide on potas- 
sium iodide in contact with air, combines with the potassium 
carbonate produced by the action of the carbon dioxide of tlfs^air 
on the resulting potassium hydroxide, giving compounds of the 
formulae Pb0.Pbl2.K2C032H20, 2(Pb0.Pbl2)3K2C03.2H20, and 
Pbl2.2KI.K2CO3.3H2O ; and by mixing together potassium 
iodide and lead carbonate, the compound PbO.PbI2.CO3 is pro- 
duced. 



OF SILICON, GERMANIUM, TIN, AND LEAD. 


299 


It appears possible also to obtain mixed halides ; one of these 
produced hj the action of lead oxide on zinc chloride has the 
formula PbO.ZnCl?. 

II. Sesquioxides and sesquisulphides. — Of these compounds, 
hydrated sesquioxides of silicon and tin, sesquioxide of lead, and tin 
sesquisulphide are the only representatives. Their formult© are 
Si203.H20, SnsOswHiO, PbaOs, and SnjS-). The first, Si203.H20, 
from its analogy to the corresponding carbon compound, oxalic acid, 
is sometimes named silico-oxalic acid. The constitution of oxalic 
acid has been noticed on p. 273, and it is probable that the 
analogou\^ilicon compound is similarly constituted. It is pro- 
duced by tim action of ice-cold water on silicon hexachloride ; and 
its formation may be represented graphically thus : — 


/Cl 
Sk Cl 
^C1 
/Cl 
Si^Cl 
^C1 


o<2 

H.OH 

H.OH 

0<H 


Si<o 


2HC1 

HCl 

HCl 

2HC1 


four atoms of chlorine being replaced by two atoms of oxygen, 
and two by hydroxyl (OH)'. It is a white mass ; but unlike oxalic 
acid the remaining hydrogen of the hydroxyl cannot be replaced 
by metals. It is, therefore, said to be “ devoid of acid properties.” 
When treated with any soluble hydroxide, it gives a silicate with 
evolution of hydrogen. The compound is, however, of considerable 
interest, inasmuch as it displays the analogy between silicon and 
carbon. 

Hydrated sesquioxide of tin is said to be produced by boiling 
together hydrated ferric sesquioxide, Pe203.wH20, and stannous 
chloride, SnCh* It is a slimy grey precipitate. 

Lead sesquioxide, Pb203, is produced by the action of sodium 
hypochlorite, I^'aOCl.Aq, on salts of lead, or on a solution of lead 
hydrate in caustic soda ; and also by the action of alkalies on a 
solution of red lead in acetic acid. The last action will be noticed 
below, in treating of red lead. The sesquioxide is a reddish-yellow 
insoluble powder ; it dissolves for a moment in hydrochloric acid, 
but ^Imost at once chlorine is evolved, and the dichloride precipi- 
tate. Ho double compounds of sesquioxides are known. 

Tin sesquisulphide is produced by heating three parts of the 
monosulphide with one part of sulphur to dull redness. It has a 
greyish- yellow metallic lustre, and at high temperatures decom- 
poses into monosulphide and sulphur. 
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111. Dioxides^ disulphides, diselenides, and ditellurides. 


List. Oxygen. Sulphur. Selenium. Tellurium. 

Silicon Si02 SiS 2 SiSe 2 ? SiTe 2 

Oermanium Ge02 GIeS2 ? P 

Tin Sn02 SnSg SnSej P 

Lead • Pb 02 — — — 


These are the most stable compounds with silicon, gejmanium, 
and tin ; lead dioxide, however, easily loses oxygen. ^ ^ 

Sources. — Silicon dioxide occurs native in hexagonal prisms, 
capped by hexagonal pyramids, as rock-crystal^ hog-diamond^ or Irish 
diamond. When coloured yellow or orange by sesquioxide of iron 
it is named cairngorm ; it also also occurs with an amethyst 
colour due to manganese sesquioxide ; and of a rose-red colour (rose- 
quartz). It is very hard, easily scratching glass. It frequently con- 
tains small cavities, filled with liquid carbon dioxide, often contain- 
ing a minute cubical crystal of sodium chloride. Quartz is a name 
applied to less perfectly crystalline silica, and usually occurs in 
white translucent masses. When perfectly transparent it is used 
for the lenses of spectacles, being harder and less easily scratched 
than glass. It is cut into slices by a copper disc, moistened with 
emery and oil, then ground and polished. Flint and chert are 
forms of silica found embedded in chalk, or older limestones, and 
are due to the siliceous spicules of sponges, now extinct. It has 
usually a dull grey-brown colour, owing probably to its containing 
some free carbon, derived doubtless from the animal matter of the 
shell-fish, the remains of which constitute the chalk, for it turns 
white on ignition. Chalcedony is a variety of quartz, not display- 
ing definite crystalline structure, but showing a fibro-radial struc- 
ture, and occurring in kidney-shaped, translucent masses. Varieties 
of chalcedony are named agate, hornstone, 07iyx, carnelian, catseye, 
chrysoprase, &c. Sandstone consists mainly of water- or air-rolled 
grains of quartz, bound together by a little lime. 

Silica also occurs in combination with many other oxides, as 
silicates. With water, it occurs as opal, an amorphous translucent 
substance, which has been deposited in thin layers. This ^o- 
duoes in some specimens a brilliant play of colours, owing to the 
refraction and interference of the light which it reflects. Opal 
is soluble in a hot solution of potassium hydrate ; it is thus dis- 
tinguished from quartz. The other silicates will be considered 
later. 
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Germanium disulphide, in combination with silver sulphide, 
forms the mineral argyrodite^ found in the Himmelsfiirst mine at 
Freiberg. It is almost the only mineral in which germanium has 
been found. 

Tin dioxide, named cassiterite^ or tinstone, is the only important 
source of tin. It occurs in veins, traversing the primitive granite 
and slate of Cornwall ; it is also exported from Melbourne. It 
forms translucent white, grey, or brownish quadratic crystals. Its 
crystalline form is the same as that of anatase, one of the forms of 
titanium ^ioxide. 

Stanixl 9 £ sulphide, SnR2, occurs in combination with sul- 
phides of irob and copper, and is named tin pyrites. 

Preparation. — 1 . By direct union. — Silicon dioxide, or silica, 
is formed when silicon burns in air or oxygen. Germanium 
dioxide and stannic oxides are similarly produced. The oxides thus 
prepared are amorphous. Lead unites with oxygen to form mon- 
oxide, PbO, as already mentioned. The highest stage of oxida- 
tion produced directly is that of red lead, P'oaOi = Pb02.2Pb0. 
Stannous oxide also unites directly with oxygen to produce the 
dioxide. 

2 . By decomposing a double compound. — All these oxides 
remain on heating to redness their various hydrates ; germanium 
dioxide has also been prepared from its sulphate, Ge (804)2, which 
loses sulphur trioxide at a red heat. 

3 . Prom lower compounds. — Lead monoxide heated to dull 
redness with potassium chlorate is oxidised to the dioxide. The 
potassium chloride and excess of chlorate are dissolved out by 
water. It is also formed by fusing lead monoxide with potassium 
hydroxide. Hydrogen is evolved, and potassium plumbate is pro- 
duced; on treatment with water the dioxide remains in black 
hexagonal tables. 

Tin disulphide and diselenide are prepared by a somewhat 
curious method. When tin and sulphur are heated together, the 
sesquisulphide is the highest sulphide formed. But if ammonium 
or mercuric chloride be heated in a glass retort with the mixture 
of tin and sulphur the disulphide is produced. It is supposed 
that a double chloride of tin and ammonium, or of tin and mercury, 
is ^st formed, and that this reacts with sulphur, thus ; — 
2(JfoCl2.2NH4Cl) -f 28 = 81182 + S11CI4.2NH4CI + 2NH4CI. 
Diselenide of tin is produced by the action of iodine on the 
monoselenide, in presence of carbon disulphide, thus : — 2 BnS 6 -|- 
2 Ia = Snii H- SnSe* ; at the same time some selenium is liberated, 
according to the equation, SnSe + 2I3 = Snii -f Se. The tin 
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tetriodid© dissolves in the carbon disulphide, leaving the di- 
selenide, which is insoluble. 

4. By double decomposition. — Tin dioxide is produced in a 
crystalline form by passing the vapours of stannic chloride, SnCh, 
and water through a red-hot tube. The crystals produced are of the 
same form as brookite (TiO-i) : quadratic crystals are formed by 
the action of hydrogen chloride on the red-hot dioxide. The di- 
sulphides of silicon and germanium are both produced by double 
decomposition. To prepare the former, silica, or a mixture of 
carbon and silica, is exposed at a white heat to the /action of 
carbon disulphide ; the monosulphide is simultaneouy'y Produced, 
probably owing to the decomposition of the disulphide. The 
disulphides of germanium and of tin are precipitated from solutions 
of the dioxides by hydrogen sulphide. Tin disulphide is also 
produced by passing a mixture of hydrogen sulphide and gaseous 
tin tetrachloride through a tube heated to dull redness. 

Properties. — The properties of native silica have been already 
described. It fuses at a white heat in the oxyhydrogen flame to a 
glassy mass, which can be drawn into threads. In this form it 
furnishes one of the best insulators for electricity, and has been 
used to suspend the needles of galvanometers. Such threads have 
great tenacity and are very elastic. Even when moist they do not 
conduct. Amorphous silica, produced by heating the hydrate, is 
a loose white powder ; it is said to volatilise when heated to 
whiteness in water-vapour, resembling boron oxide in this respect. 
While the crystalline form is not attacked by solutions of potas- 
sium or sodium hydroxide, the amorphous variety dissolves 
slowly. Crystalline silica is attacked only by hydrofluoric acid. 

Germanium dioxide is a dense, gritty, white powder, 
sparingly soluble in water, and crystallising from it in small 
rhombohedra. Its solubility is : — 1 gram of Qe02 dissolves in 
247*1 grams of water at 20°, and in 95*3 grams at 100°. 

Tin dioxide is a white or yellowish powder, insoluble in 
water. It turns dark yellow when heated, but again becomes 
white on cooling. Under the name “ putty powder it finds 
commercial use in polishing stone, glass, steel, &c. 

Lead dioxide is a soft brown powder, insoluble in water; 
when heated to redness it loses oxygen, leaving a residuKof 
monoxide. 

Silicon disulphide forms long white volatile needles. It is 
remarkable that the oxide is so non-volatile, while the sulphide 
can be sublimed ; it leads to the supposition that while the 
sulphide has the formula assigned to it, SiS 2 , the formula of the 
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oxide, as we know it, is really a high multiple of Si02. And on 
comparing the silicon and carbon compounds, this conclusion is 
strengthened. For while the boiling-points of carbon dioxide, 
disulphide, and tetrachloride are respectively —78*5°, 46°, and 76 7°, 
an ascending series, we have with silicon, the dioxide melting at 
a white heat, the sulphide easily volatile, and the chloride boiling 
at 58°. The order of volatility is reversed. And as it is found 
with compounds of carbon and hydrogen, that the more complex 
the molecule, the higher the boiling-point, we may conclude that 
the non-volatility of silica is due to its molecular complexity. 
There is aSnresent, however, no means of ascertaining how many 
molecules of Si02 are contained in the complex molecule of ordi- 
nary silica, the formula of which must therefore be written 
(Si02)». 

Germanium disulphide is described as a white precipitate^ 
sparingly soluble in 221*9 parts of water, and also soluble in 
sulphides. It appears not to decompose on solution ; but silicon 
disulphide reacts with water, forming hydrogen sulphide and a 
hydrate of silica. 

Tin disulphide, prepared by precipitation, is a buff-yellow 
powder, insoluble in water. When obtained by the dry process 
it forms golden-yellow scales, and is named “ mosaic gold.’* The 
diselenide is a red-brown crystalline powder. 

Double compounds. — It is convenient to group these as 
follows : — (u) Compounds of the oxides with water and oxides ; 
(b) oxyhalides and sul phohalides ; (c) compounds of sulphides 
with other sulphides ; and (d) oxysulphides. 

(a.) Compounds with water and oxides.— I^e most im- 
portant of these compounds are the silicic acids and the silicates ; 
allied to them are the stannates and plumbates, and there appears 
to be indications of the existence of germanates. 

General Remarks on the Silicates. — The ratios between the 
oxygen of the silica and the oxygen of the metallic oxides com- 
bined with it are very numerous. The silicates form a very large 
portion of the crust of the earth, and they have very varied com- 
position. Among the native silicates the ratio of oxygen in silica 
to that in oxide of metal may vary for monad and dyad metals, 
suel^as potassium or calcium, between 2 : 4 and 4:1; or to take 
hypothetical specific instances, — between Si02.4K20, or Si02.4Ca0 
and 2Si02.K20, or 2Si02.Ca0 ; and for silicates of triad metals, such 
as aluminium or iron, between 2 : 6, as in Si02.2Al203, and 12 to 
3, as in 6Si02.Al203. It must be remembered that the native 
silicates have almost always been formed in a matrix containing 
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compounds of many elements ; hence it is rare to find among the 
silicates pore compounds such as those of which the formul® have 
been given above. For instance, it is not unusual to find a silicate 
containing both the metals, potassium and calcium, as oxides com- 
bined with silica ; or the oxides of the metals, iron and aluminium, 
or of cilcium and aluminium, and that not in atomic proportion; 
for we may have a silicate of aluminium containing only a trace of 
iron, or a silicate of calcium containing Only a trace of magnesium 
or ferrous iron, the crystalline form of which does not differ from 
that of the pure silicate. It is not to be conceived thst in such 
instances any given molecule has not, as is usual amona^^mpounds, 
a perfectly definite formula ; but it would appear that it is possible 
for an apparently homogeneous crystal to be made up of molecules 
of silicate of aluminium and silicate of iron, or of silicate of mag- 
nesium and silicate of calcium in juxtaposition ; so that, to take a 
suppositious case, a crystal containing 1000 molecules might 
consist of 999 molecules of magnesium silicate and one molecule 
of calcium silicate, or of 998 mole(;ules of magnesium silicate and 
two molecules of calcium silicate, and so on ; oxides of magnesium 
and calcium being mutually replaceable in any proportion what- 
ever. And similarly with the compounds of silica with the sesqui- 
oxides of iron and aluminium. But all oxides are not capable of 
mutually replacing each other. While beryllium, calcium, mag- 
nesium, iron, manganese, nickel, cobalt, sodium, and potassium 
monoxides mutually replace one another, and while the sesqui- 
oxides of aluminium, iron, manganese, chromium, &c., are also 
mutually replaceable, it is found that the place of a monoxide is 
not taken by a sesquioxide, and vice versd. But a silicate may 
contain at once a mixture of sesquioxides and a mixture of mon- 
oxides in combination with silica. 

To deduce the formula of a natural silicate from its percentage 
composition is a problem of some difficulty. It is solved by ascer- 
taining the ratio of all the oxygen combined with dyad metals, 
whatever they may be, to that combined with triad metals, and 
to that contained in the silica. An example will render this clear. 

On analysis, a specimen of the felspar named orthoclase (which is 
essentially a silicate of aluminium and potassium, but which may 
contain iron sesquioxide replacing alumina, and sodium, magne^m, 
and calcium oxides replacing potassium oxide) gave the following 
numbers : — 


SiOj. AlgOj. CaO. KjO. Na^O. 

66*69 17*97 1*34 13*99 1*01 = 100*00 per cent. 
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These constituents contain oxygen in the following propor- 
tions : — 

32 48 16 16 16 

6U-33 102-02 56-u8 94-28 62-'09, 

the denominators being the molecular weights of the oxides, and 
the numerators the oxygen contained in these weights. The ratios 
are, therefore, as folloAvs : — 

SiOa. AI2O3. CaO. K2O. Na^O. 

65-69 >V32 17-97 X 48 1-34 x 16 13-99 x 16 1*01 X 16 
60-33" H 102 02 56-08 94-28 62-09 ’ 

or 34-84 + 8*45 + 0-38 + 2-37 + 0-26 = 46*30 per cent, of 
oxygen. 

We have, therefore, the ratio : — ^ 

Oxygen in silica. Oxygen in alumina. Oxygen in lime, potash, and soda. 

34 84 : 8-45 0*38 4- 2*37 -f 0 26 = 3-01=*' 

or 12 : 3 : 1, nearly. 

Hence the formula is 6SiO2.AhO3.M2O, where M stands for 

calcium, potassium, or sodium. It is usually written thus : — 
6Si02.Al203.(Ca, K^, Na2)0, the comma between those symbols en- 
closed within brackets signifying that they are mutually replaceable 
in any proportions. Had iron sesquioxide been present, the oxygen 
contained in it would have been added to that of the alumina, and 
the formula would then have been written, 

6Si02(Al,Fe)203(Ca, K2, m,)0. 

As with the borates, chromates, and carbonates, there are 
two methods of representing the formulae of the silicates. The 
first method is to consider them as addition compounds of 
silica with other oxides, and the formula of orthoclase, as written 
above, is constructed on that principle. It must, however, clearly 
be understood that, inasmuch as we know almost nothing regard- 
ing the internal constitution of such compounds, we can only guess 
at their structure from analogy with the hydrocarbons and their 
derivatives. 

'jl^he method of writing given above does not imply that the 
compound contains as such the molecular group Si02 united with 

* The calculated ratio of oxygen in the above compound is — 

Si02. AI2O3. ^^20. 

34 39 : 8 69 : 2 87 . 


X 
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molecular groups AI2O3 and K^O. It is merely a method of show- 
ing the proportions of ingredients which the compound contains 
in an orderly manner, and is better than if we were to write the 
formula, Al2K2Si60i6. 

The second method starts from the fact that in such compounds 
silicon is a tetrad element; that analogous to its compounds 
with fluorine or chlorine, SiF4 or SiCh, the typical silicic acid 
has the formula Si(OH)4. This substance is named orthosilicic 
acid. Its salts may be suppo'^ed to be formed by replacing the 
hydrogen of the hydroxyl groups by metals ; thus the potassium salt 

has the formula Si(OK)4, the calcium salt, Si04Ca”2, or 


N5>c. 


and the aluminium salt, 3(Si04)^^AV*h These are the same as 
Si02.2K20, Si02.2Ca0, and 3Si02.2Al203, and are named ortho- 
silicates. 

Silicates of the formula, SiO^.KjO, SiO^.CaO, Ac., are also 
known, and in them the oxygen of the silica beais the ratio to that 
of the oxide as 2 : 1. These may be supposed to be derived from 
the hydroxide Si02.Ha0, which is named metasilicic acid, and 
which may be regarded as orthosilicic acid deprived of a mole- 


. . 

cule of water ; its constitution may be represented Si\"OH, and its 




O 




0 


potassium and calcium salts as Si^OK, and Sie 0^ 

^OK \n>Ca. 


^ 0 - 


It will be remembered that an analogy was drawn between 
chromyl dichlorido Cr02Cl2, and chromic acid Cr02(0H)2 (see 

PI 

p. 268), and it was pointed out that the substance CrO2<0j^ 

might be regarded as partaking of the nature both of the 

OK 

dichlovide and of potassium chromate, being, in fact, 


an intermediate stage. We should expect, therefore, intermediate 
compounds between silicon tetrachloride, SiCb, and silicon tetra- 
hydroxide, Si(OH)4. Only one such body is known, viz., SiCb.SH, 
in which hydrosulphuryl replaces hydroxyl. But derivatives the 
elements of this group are known, which represent similar com- 
pounds connected with metasilicic acid, Si0(0H)2. Although the 
corresponding chloride SiOCb is unknown, yet it is represented 


by GeOCl*; 


and although Si\ OH is 
^C1 


also unknown, it finds a re- 
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presentative in the compound of tin, Sn\ OH. This method of repre- 

^C1 


sentation, which may be termed the method of suhstituilon^ is, there- 
fore, justified. 

But we may go still further Hitherto we have been dealing 
with compounds containing only one atom of silicon. It is, how- 
ever, conceivable that two molecules of orthosilicic acid may form 
an anhydride, water being lost between them, thus : — 


.^OH 

— HjO = (1) .0 ; and jfurther (2) /nvT 

yOH ZOH SiXoH’ 

^OH 


.0 

SifOH 
and (3) >0 . 

S<OH 


The compound (1) is termed disilicic acid; (2) is the first, and 
(3) the second anhydride of disilicic acid. A representative of 
(1) is serpentiney 2Si02.3Mg0 ; wollastonitey 2SiOa.2CaO, may be 
a representative of (2), although its formula may equally well be 
the simpler one, Si02.Ca0, or Si0(02)Ca; and ohenite, 2Si02.Ca0, 
may represent the calcium salt of (3). 

A chlorine-derivative of (1), however, is known, viz., Si20Cl6, 
in which all hydroxyl is replaced by chlorine. That it possesses 
that simple formula is shown by its vapour-density. 

In a similar manner, a trisilicic acid may be derived from 
three molecules of orthosilicic acid, by loss of two molecules of 
water ; it in its turn will yield three anhydrosilicic acids ; and a 
tetrasilicic acid may be supposed to exist, of which four anhydro- 
acids are theoretically capable of existence. Of this tetrasilicic 
acid three chlorine-derivatives have been prepared of the formula, 
SuOjClio, SiiOiCle, and Si^OsCle, corresponding to the respective 
acids, Si403(OH)io, Si404(0H)8, and Si406(0H)6, as shown by their 
vapour-densities. The first is tetrasilic acid itself ; the second and 
third its first and second anhydrides respectively. Salts of even 
more condensed silicic acids may exist. 

Many silicates are known, containing more base than that 
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contained in orthosilicates, in which the ratio is Si 02 . 2 M'' 0 . For 
example, collyrite has the formula Si02.2Al303, the ratio of oxygen 
in the silica to that in the oxide being 2 : 6 . Such silicates are 
termed basic. Their formulae may be written in an analogous 
manner, on the supposition that the metal exists partly as oxide, 
partly as silicate. Thus the above compound may be represented 
thus : — 

.0-~Al=:0 
o./OO— AlziO 
^'<0— A1=0 = 

>0— AlziO 


each atom of aluminium being one-third ortho-silicate, and two- 
thirds oxide. And so with other instances. 

These remarks must be held to apply also to the titanates, 
zirconates, stannates, and plumbates ; but similar compounds of 
tin and lead are not numerous. 

One point must still be noticed before proceeding with a 
description of the silicates, viz., the question as to whether or not 
water, occurring in combination with a silicate or stannate, should 
be included in the formula. For example, by including water, a 
compound of the formula SiO^.CaO.HaO may be represented as 


OH 

an orthosilicate, Si^Q^Ca, or, excluding the water, as a meta- 
'^OH 


silicate, SicO>. ^ 

\Q>Ca 


.H2O, the water being regarded as water of 


crystallisation. There is no rule for guidance in discriminating 
water of crystallisation from combined water ; and indeed we have 
no reason to regard water of crystallisation as combined in any 
other fashion than other oxides. At present, however, no satis- 
factory theory has been devised whereby water of crystallisa- 
tion can be rendered a part of the formula, like the molecule of 
water in the first example given above ; and in the present state of 
our knowledge the only course is to exercise discretion as regards 
its inclusion or exclusion. 
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Silicates^ Stannates, and Plmnbates. 

Si02.2H20 (?) - Si(OH)4 ; Si02.H20 = SiO(OH)2.— ae02.»H20. 

Sn02 4H20 (?) « Sn(OH)4 ; Sn02.H20 (?) = SnO(OH)2; SSnO.-HsO ; 

7 Sii02* 2 H 2 O > 5Sii02.5H[20» 

Pb02 H 2 O j SPbOa-HaO. 

These compounds are very indefinite. On addition of dilate 
hydrochloric acid to a dilute solution of sodium or potassium sili- 
cate, n(^ precipitate is produced. Placing this solution in a 
dialyser- a circular frame, like a tambourine, covered with parch- 
ment or parchment paper or bladder, and floated on water — the 
crystalline sodium chloride passes through the diaphragm, while 
the colloid (glue-like) non-crystalline silicic acid remains behind 
for the most part. It was suggested by Graham, the discoverer of 
this method of separation, that the molecules of the colloid body are 
much more complicated and larger than those of the crystalline 
substance, and hence pass much more slowly through the very 
minute pores of the dialyser. To such passage Graham gave the 
name osmosis, and the general phenomenon is termed diffusion. 
Recent researches appear to confirm this view, and to show that 
the molecules of colloid bodies are very complex. It is supposed 
that the silicic hydrate thus remaining soluble is orthosilicic acid, 
Si(OH) 4 , inasmuch as it is produced from an orthosilicate. To 
obtain it pure, the water outside the dialyser must be fi^equently 
renewed. A solution of silicic acid containing 5 per cent, of SiOa 
may thus be prepared ; and by placing it in a dry atmosphere o^ter 
sulphuric acid, it is slowly concentrated until it reaches a strength 
of 14 per cent. 

It forms a limpid colourless liquid, with a feeble acid reaction. 
When warmed, it gelatinises ; this change is retarded by the 
presence of a small amount of hydrochloric acid, or of caustic soda 
or potash ; but is furthered by the presence of a carbonate. 

Similar results were obtained from a stannate mixed with 
dilute hydrochloric acid, and also from a titanate. The solutions 
have similar properties. 

It is supposed that the gelatinous substance produced from 
orthosilicic acid is metasilicic acid, SiO(OH)2. When dried for 
several months over strong sulphuric acid, it corresponds with 
that formula. This hydrate is also supposed to be produced when 
a halide of silicon reacts with water. A convenient method of 
preparation consists in leading silicon fluoride into water (see 
p, 153). It is said to have been obtained in crystals of the 
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formula Si0(0H)i.3H20, by the action of hydrochloric acid on a 
siliceous limestone. 

On drying precipitated silica for five months over sulphuric 
acid, it had the approximate formula 3Si02.4H20. When the 
temperature was raised, it lost water gradually, but no evidence of 
any definite hydrate was obtained ; no point could be found at 
which a small rise of temperature did not produce a further loss of 
water. The same remarks apply to stannic hydrate. But about 
360°, the substance, which had the composition 3SnOa.H.iO, and a 
dirty brown colour, displayed a sudden change of colom* to pale 
yellow, and had then the formula 7Sn02.2H20. 

When metallic tin is treated with strong nitric acid, it is 
oxidised ; copious red fumes are evolved, and a white powder is 
produced. While ordinary hydmte, prepared by precipitation, is 
soluble in acids, this white substance is not ; and after drying in a 
vacuum or at 100® it has the foimula 5Sn0>.5H20 (see below). 

Hydrated lead peroxide, dried in air, has the formula 

3Pb0,.H20. 

On further heatinor, water and then oxygen are lost. 

By passing a current of electricity between two lead plates, 
dipping in dilute sulphuric acid, hydrated peroxide of lead is 
formed on the positive, while hydrogen is evolved at the negative 
plate. This hydrate has the formula PbOz.HgO. Such an 
arrangement gives a very powerful current, lead peroxide being 
very strongly electro-positive ; and it is made use of for “ storage 
batteries.’’ 


Si02.2Li20; Si0.2.Li20 ; 6S102Xi20.— Si02.2Na20(?) ; Si02 NasO.SHoO ; 
5 Si 02 . 2 Na 20 ; 48102 NagO.— 8103.2X20 (?) ; 8i02.K20 ; 98IO2.2K2O, 
or perhaps 48IO2.K2O. 

8n02.Na20.3, 8, 9 , and IOH2O : 8nO2.K2O.3H2O ; 28 n 02 .(NH 4 ) 20 .wH 20 . 
58nO2.Na2O.4H2O ; 58nO2.K2O.4H2O } 78nO2.K2O.3H2O. 

PbO2.K2O.3H2O, and others. 

When silica is fused with a carbonate or hydroxide of lithium, 
sodium, or potassium, a glass is formed of indefinite composition, 
depending on the proportions taken. The lithium glass, however, 
dissolves in fused lithium chloride, and crystallises out on cooling. 
The lithium chloride withdraws lithia from the silicate, forming 
oxychloride ; and by keeping the mass fused for different times, 
the three compounds given above are formed. 

Soluble glass, ov water-glass,!^ a silicate of sodium or potassium. 
It is prepared as mentioned ; or by heating silica (quartz, flint, 
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sand, &c.) with solution of caustic soda or potash under pressure. 
The proportion of silica and potash usually corresponds with the 
formula 4 Si 02 .K 20 ; on treating the solution with alcohol, a sub- 
stance of that formula is thrown down; it is suggested that the 
more probable formula is OSiO^.^K^O. It is probably a mixture. 
If the sodium silicate be saturated with silica, 4 Si 0 ..Na 20 , is 
produced. 

Soluble glass is a syrupy liquid, obtained by dissolving the 
product of fusion in water, or by evaporating the solution of silica 
in alkaline hydroxide. It is used to form artificial stone ; for it 
reacts with calcium hydrate or carbonate, giving insoluble calcium 
silicate, which may be used to bind together large amounts of sand 
into a coherent mass. It is also employed in mural painting ; and 
it is added to cheap soaps. 

Hydrated silica dissolves to some extent in solution of am- 
monia, but no solid compound has been obtained. 

Decomposition of silicates. — The usual method of decomposing insoluble 
silicates is by fusing them with a mixture of sodium and potassium carbonates, 
named “ fusion-mixture.” Carbonates or oxides of the metals remain, and the 
silica combines with the sodium and potassium oxides, forming a mixture of 
silicates. This mixture is now treated with w'ater, when the silicates of the 
alkalies pass into solution, and may be removed from the insoluble oxides by 
filtration. But as it is usually required to separate the silica, it is more common 
to add hydrochloric acid, which, if the solution be strong, precipitates gelatinous 
silicic acid, and converts the oxides of the metals into chlorides. On evapora- 
tion to dryness and heating, the silicic acid is decomposed into water and silica, 
and after re-evaporation with a little hydrochloric acid, it is insolubJo in dilute 
hydrochloric acid, whicli dissolves the chlorides of the metals, and they may then 
be separated by filtration. On ignition, the silica remains as a wh»te loose 
powder, and if required it may be weighed. 

The corresponding stannates are prepared by fusing tin 
dioxide with hydroxide, sulphide, nitrate, or chloride of sodium or 
potassium ; or by heating metallic tin with a mixture of hydroxide 
and nitrate, from the latter of which it derives its oxygen. On 
treatment with water the mass dissolves, and on evaporation 
deposits crystals containing 3 , 8 , 9 , or 10 molecules of water, 
according to circumstances. The salt with 3H2O may also be 
precipitated by adding alcohol. 

Stannic hydrate is soluble in ammonia, forming a jelly, in 
which the ratio of Sn02 to ammonia corresponds with the formula 
2Sn02.(NH4)20. 

Metastannates. — By boiling the product of the action of nitric 
acid on tin, hSnOg.SHgO, with sodium or potassium hydroxide, a 
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solution is obtained, from which, if caustic soda be used, granular 
white crystals deposit on cooling, of the formula 

bSnOi.NaaO .4H2O . 

If potash be used, a similar compound, SSnO^.K^O.lHaO, is pre- 
cipitated by addition of excess of potash, in which it is insoluble. 
It is a gummy non-crystalline substance. Both of these com- 
pounds are decomposed by boiling water into alkali and meta- 
stannic acid. It is the fact that one-fifth of the water is replaced 
by sodium or potassium oxide, which leads to the formula 
5 Sii 02 . 5 H 20 for metastannic acid, instead of Sll02.H2b, which 
would more simply represent its percentage composition. 

On mixing metastannic acid, dissolved in hydrochloric acid, with 
caustic potash, until the precipitate at first produced redissolves, 
and then adding alcohol, a precipitate of the formula 

7SnO2.K2O.3H2O 

is produced. There appear also to be other analogous substances. 

Plumbates. — By fusing lead dioxide with excess of caustic 
potash, it dissolves ; the solution of the product, in a little water, 
deposits octahedral crystals of the formula PbO2.K2O.3H2O 
analogous to the stannate. By fusing lithai^ge with potassium 
hydroxide, the compounds Pb02.K20 and 3 Pb 02 . 2 K 20 , are formed 
with absorption of oxygen. These salts are decomposed, on treat- 
ment with water, into potassium hydroxide and hydrated lead 
dioxide ; they are stable only in presence of excess of alkali. 

Si02.2BeO (phenaciiey heryl, emerald) ; 810 . 2 . CaO {wollastouite) ; 

2SiO2.CaO.2H2O {okenite) ; 8Si02.2Ca0.H.20 {yyrohteYi 

Szi02.Ca0, also 5H2O ; 2SnO2.‘-SrO.10H.2O ; SnO.2.2BaO.10H2O.* 

These silicates are found native ; they are well crystallised 
minerals. By adding to solutions of calcium, strontium, or barium 
chlorides a solution of sodium or potassium silicate, white curdy 
insoluble precipitates are produced of the respective silicates, the 
composition of which is analogous to that of the alkaline silicate 
from which they are produced. 

Of the native silicates, phenacite is an orthosilicate ; wollastouite 
probably a metasilicate ; ohenite a salt of disilicic acid, Si20(0H)6 ; 
and gyroUte, of the second anhydride of trisilicic acid, 81304(011)4. 
And with the stannates, we have barium orthostannate ; calcium 
metastannate (rejecting the water) ; and the strontium salt of 
distannic acid. 


• Comptes rend.f 96, 701. 
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Two compounds are known, the first occurring native, a 
titanate and silicate of calcium, named sphene ; and the second, of 
similar crystalline form (monoclinic prisms) produced by heating 
a mixture of silica and tin dioxide with excess of calcium chloride 
to bright redness for eight hours. These bodies are derived from 
a compound analogous to the second anhydride of disilicic acid. 
Their formulae are probably — 

Ca<g>Si<g>Ti<g>Ca, and Ca<g>Si<g>Sn<g>Ca, 

Similar silico-zirconates occur native. 

Ordinary Mortar is made by mixing sand with slaked lime. The rapid 
setting of the mortar is, however, not due to the combination of the calcium 
and silicon oxides, but to the formation of the compound C 02 . 2 Ca 0 , by absorp- 
tion of carbon dioxide from the air. But, after the lapse of years, combination 
of the silica does take place, and very old mortars contain much calcium 
silicate. 

Hydraulic mortars, as those mortars are named whicli “ set” under water, 
on the other hand, cannot be produced from anhydrous silica. A mixture of 
precipitate silica or of crushed opal and lime hardens under water ; but the best 
hydraulic mortars are made from hydrated silicates of alumina. The celebrated 
pozzolana of Naples is such a substance. When mixed with lime, there is 
formed a silicate of aluminium and calcium, which is rapidly produced, and 
perfectly insoluble in water. Tufa, pumice, and clay-slate form similar insoluble 
mortars. Marl, a mixture of clay and calcium carbonate, after ignition, sets 
when moistened. This is probably in the first instance due to hydration, and 
subsequently to the formation of a silicate of aluminium and calcium. 

SiO^ 2(Mg', Fe)0 {chrysolite^ olivine) ; Si02.(Mgr, Fe", Mn", Ca)0 {augite 
and hornblende ; these differ in crystalline form, but are both monoclinic) ; 
2Si02.3(M8:, Fe")0.2H20 {serpentiney sometimes containing Na 2 , Mn", and 
Ni") ; 3 SiO 2 . 2 MRO. 2 H 2 O, ov ^'H .20 {meerschaum) 5 Si02 4MgrO contains 

a little water. — SiO 2 . 2 Z 11 O.H 2 O {siliceous calamine) ; Si 02 . 2 Zn 0 {willemite ) . — 
2SnO2.3ZnO.10H2O. 

These silicates are all found native and, as a rule, crystalline. 
Chrysolite and willemite are orthosilicates ; siliceous calamine 
possibly a basic metasilicate of the formula SiO.(OZnOH)a ; 
augite and hornblende are metasilicates, but one is probably a 
polymeride of the other, possibly a derivative of the disilicic acid, 
HO 0 OH 

HO^^^^O^^^^OH’ sphene, with which, however, neither is 

isomorphous. Serpentine is a derivative of disilicic acid, and 
meerschaum and talc of tri- and penta-silicic acids respectively. 

The silicates of boron, aluminium, ferric iron, &c., are very 
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numerous, and it is here impossible to do more than give a sketch 
of their nature. 

Datolite has the formula SiO2.BaO3.CaO ; and hotryolite contains, 
in addition, two molecules of water. They are doubtless derived 
silicates of boron and calcium, and may be constituted thus : — 


B 


^O 




and 


33/011 

\o>Si< 


O— CaOH 
OH. i 


Xenollte is aluminium orthosilicate, 3Si02.2Al203. A number 
of minerals, including fihrolite^ topaz ^ muscovite^ paragoriite and 
eucryptite (varieties of mica), dumortierite^ grossularite (a lime 
alumina garnet), prehnite, and natrolite (or soda me 8 otype\ may be 
simply derived from it ; the following structural formulas show 
their relations (Clarke) : — 


/SiO,=Al 

Al~Si04=Al. 

^Si04=Al 

Xenolite. 

/Si04=(A10), 

Al(-Si04=(Al0j3. 

^Si04=Al 

Dumortierite. 


.Si04=(AI0)3 

Al-Si04=Al 

''Si04=Al 

Fibrolite. 

/Si04=KH2 
AlfSi 04 =Al . 
^Si04~A1 
Muscovite. 


/Si04=(AlF,)3 

AlcSi 04 =Al 

^Si04=Al 

Topaz. 

/Si04=NaH2 
Al( Si04=Al. 
^Si04=Al 

Paragonite. 


✓8104 — Lis 

Al^Si04=Al. 

^Si04=Al 

Eucryptite. 


/Si043i::XaH2 

Al^Si04=NaH2. 

^Si04~Al 

Natrolite. 


.Si04: 

Aifsio^; 

^Si04: 


-Caa. 


A1 

Grossularite, 


/Si04=CaH 

AlfSi04=CaH. 

^Si04=Al 

Prehnite. 


/OH 

AlfSi04=H,. 

^Si04=Al 

Kaolin. 


/BO2 

AlfSi04=R,. 

^Si04=R3 


Kaolin or china-clay, is, it will be seen, partly hydrate of 
aluminium. R in the last formula may be calcium, iron (dyad), 
magnesium, sodium, or potassium, or generally a mixture. 

The metasilioates may be similarly represented. Among these 
are pyrophyllite, 4SiO2.Al3O3.H3O and spodumene, jade^ and leucite 
containing lithium, sodium, and potassium respectively. They may 

all be represented by the formul® R’ where R stands 

for H, Li, Ka, or K. 
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There are at least two other silicic acids, 2Si0i.H20, or 
Si203(0H)2, the second anhydride of disilicic acid, and 3Si02.2Ha0, 
or 81,04(011)4, the second anhydride of trisilicic acid, which yield 
salts. Fetalitey (Si203)2Al.Li, is a salt of the first, and the felspars albite, 

.OK 

Si304^Q\^p 6f the second. 

'^0'^ 

By trebling these formnlaa we obtain groups analogous to those of 
the ortlK^silicates ; and this shows a striking analogy between 
these and other minerals, otherwise difficult to classify. Thus 
✓8104111: ^SiaOg^^ 

analogous to A1^8i04=Al, we have Al^ SiaOg^Al. The calcium 

^ 8 i 04 =Al ^SigOg^Al 

salt corresponding to the first formula and the sodium salt of the 
second are respectively the minerals — 

ySiOi^i: Cas iziSi04v ✓SisOgzulSTna 

Al^8i04=AlAl=Si04 7Al, Al^SigOg^Al , and 

^Si04=Al Al=SiO/ ^SiaOg—Al 

Anorthiie, Albite, 

/Si.Og=(AlCOM)2)3 
Al^8i308=Al 
^SigOs^Al 
JLahradorite, 

If potassium replaces the sodium of albite, the mineral is orthoclase, 
or potash felspar.* 

Lastly, an instructive analogy is pointed out by Clarke, which 
promises to throw light on a curious compound of a brilliant blue 
colour, found native, and named lapis lazuh% which is now manu- 
factured in large quantities as a paint under the name of ultra- 
marine, by heating together sodium sulphate, sulphur, felspar, and 
some carbon compound such as resin. The mineral sodalite has 
the formula 

4Si02.4Al203.2Na^0.NaCl. 

Ultramarine maybe represented as the sodo- sulphury 1 (SNa) com- 
pound of which sodalite is a chloride ; and the analogy is streng- 
thened inasmuch as the constitution of another mineral, nosean, 
closely allied to ultramarine, is thereby represented. The formulas 
are : — 


* F. W. Olarke, Amer, Jour, of Science, Nov., 1886 j Aug., 1887; Amer. 
Chem. J., 10, 120 j 38, 384. 


^ONa 

Si804<^Q\^|, and orthoclase. 
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.SiOi^Nas 
AlfSiO^Al 
>Si 04 lzNa, 
Alf SiOt^Al. 
^C1 

Sodalite. 


.Si 04 i=:Na 3 
AlfSi 04 =Al 
>Si 04 li:Na 2 
Al^Si 04 =Al 
^S 04 — Na. 
Kosean. 


.Si04=::=]Sra3 
AlfSi 04 ~Al 
)^Si04=:Na2 
Al^Si 04 =Al 
^S— Na. 
Ultramarine. 


Such are some of the attempts which have been made to 
classify these complex silicates. Whether they are justified or 
not, if they serve to connect together bodies resembling each other, 
and to point the way to new researches, they have their ^ise. 

A few other silicates have still to be mentioned. 


Si 02 . 2 Mn 0 {tephroite) j Si 02 .!iytn 0 {rhodonite) ; SlO 2 .CuO. 2 H 2 O {chrpso- 
coVa) ; 3 Si 02 . 2 Ce 203 {cerite) ; 3Si02.2(Y, Ce, Fe, Mn, &c .)203 {gadolinite) ; 
3(Si02.Tli02)4H20 {thorite)' 

After what has been said, these may easily be grouped in their 
respective classes. Other stannates have also been prepared, for 
example — 

SnO2.KiO.5H2O j SuO2.CuO.6H2O ; SnO2.CuO.4H2O } 
Sn02.Cu0(NH4)20.2H20 j SnOj.AffgO. 

The germanates have not been investigated. But as dioxide of 
germanium is soluble in excess of caustic alkali, they are, without 
doubt, capable of existence. It has lately been announced that 
germanium exists in small amount in euxenite ; and it is present, 
no doubt, in the form of a germanate. 

Double Compounds of the Sulphides and Selenides. 

Those of tin alone have been investigated. 

Stannous sulphide, SnS, when treated with a^very strong 
solution of potassium sulphide, KgS, dissolves ; while tin precipi- 
tates in the metallic state. The equation is — 

2SnS + KaS.Aq = SnS^.K^S.Aq + Sn. 

By further action, hydrogen is evolved, thus — 

Sn + SK^S.Aq 4- 4 H 2 O = SnS 2 .K 2 S.Aq +4K0H.Aq -f 2^2. 

The same compound is also produced by warming stannous 
sulphide with the polysulphide of an alkali, e.g., K 2 S 5 .Aq, or 
(NH 4 ) 2 S 6 .Aq; the monosulphide is then converted into the di- 
sulphide which dissolves in the solution of sulphide; or, more 
simply still, tin disulphide may be dissolved in a solution of potas- 
sium sulphide. 

The hydrogen salt of sulphostannic acid, SnS 2 .H 2 S, or 
SnS(SH)a (it will bo noticed that this is a meta-acid), is produced 
on adding an acid to a sulphostannate, as a yellow precipitate, which 
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becomes dark-coloured on exposure to air. The following salts 
exist ; they are all prepared thus, and are soluble in water ; — 

SnS(SNa) 2 . 3 H 20 , also 2H2O ; SnS(SK)2.10H2O, also 3H2O ; 
3SiiS 2.(NH4)2S.6H20; SnS(S2)Ba.l4H20 ; SnS(S2)Sr.l2H20 j 
and SnS(S2)Ba.8H20. 

SnSe(SeK),.3H,0 has been analysed ; and a mixed compound 
obtained by digesting potassium sulphide with tin and selenium 
has the formula SnSe2.K2S.3H2O.* It would appear that two iso- 

SeK SeK 

merides might here exist, viz., SnSe<^gj^ , and 
they have not been identified. 

A native sulphostannate of copper, iron, and zinc is known as 
tin-pyrites. Its formula is SnS 2 .(Cu 2 , Fe, Zn)S. It is also a 
meta-compound. 

(6.) Compounds with halides. — These are, as a rule, difficult 
to prepare, for almost all are acted on by water. No compound of 
the formula SiOCb is known. The corresponding germanium 
compound, GeOCl2, is produced by distilling germanium tetra- 
chloride in contact with air. It is a colourless, fuming, oily liquid 
boiling above 100®. By passing a mixture of silicon tetrachloride 
and hydrogen sulphide through a red-hot tube the substance 
SiCla.SH is formed. It boils at 196°. The sulphochloride, 
SiSCl2, is said to be formed by the same process ; probably the 
former compound dissociates at a high temperature into hydrogen 
chloride and the latter. 

Silicon tetrachloride, SiCb, led over fragments of felspar con- 
tained in a white-hot porcelain tube, deprives the felspar of 
oxygen, and yields the oxychloride (SiCl3)20. It is a liquid boiling 
at 136 — 139° ; and this compound, passed through a hot glass tube 
along with oxygen, yields a liquid from which, on fractionation, the 
following compounds have been isolated : — Si20Cl6 (136 — 139°) ; 
SuOaClio (152—154°); SiACls (198—202°). These substances 
give vapour- densities which lead to the formulsB ascribed. A fourth 
is formed which, on analysis, gives the numbers for SiiOaCle ; the 
molecular weight of such a body should be 405 ; that deduced from 
its vapour-density was 614 ; its formula is therefore doubtful. It 
boiled at a very high temperature.t 

A somewhat analogous body to the compound SiCl3(SH) is the 
substituted orthostannic acid produced by the action of water on 

OH 

stannic chloride. Its formula is SnO<^Qj^ . It may be regarded 

* Comptes rend., 06, 641. 
t Troost and Hautefeuille, Annales (5), 7, 453. 
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as metastannic acid, with one hydroxyl-group replaced by chlorine. 
On treatment with ammonia it yields the salt SnO<^Q^^*. 

In conclusion, a set of curious compounds of carbon and silicon 
with oxygen and sulphur may be mentioned, which require further 
investigation.* The first of these is a greenish- white mass pro- 
duced by the action of carbon dioxide on white-hot silicon. Its 
formula is SiCO. Vapours of hydrocarbons passed over silicon, 
heated in a porcelain tube, yield a bottle-green substance of the 
formula SiCOj, the oxygen being derived from the tube. By sub- 
stituting a mixture of carbon dioxide and hydrogen the substance 
Si2030 is produced ; and by the action of silicon and carbon at a 
white heat on porcelain, a body of the formula Si2C802 is formed. 
No clue has been obtained regarding the constitution of these 
bodies. 

Here also may be mentioned a very remarkable compound of 
carbon monoxide with nickel, produced by passing that gas over 
hot finely-divided nickel, and condensing by means of a freezing 
mixture. It has the empirical formula Ni(CO)4, and is a colour- 
less liquid, boiling about 45 °. Its vapour density corresponds 
with the formula given. It deposits metallic nickel when heated 
to 180 °, as a brilliant mirror.f 


Physical Properties* 


Weights of 1 cubic centimetre : — 


Si. 

Ge. Sn. 

Pb. 


Si. 

Ge. 

Sn. 

Pb. 

0 . . 2 *89 

- 6*0— 6*6 

8-74t— 9*29§ 

0, .. 

2-6511 

— 

6-7 

8-9 

S — 

— 5 0 

7-5 

s, . 



4-6 

6 -air 

Se. . — 

— 6-2 

8-1 

Sej.. 

— 

— 

5-1 

— 

Te.. — 

— 6-5 

8*1 

Tej. . 

— 

— 

— 

— 


Heats of formation : — 

Si + 20 + Aq = SiOs.Aq + 1779K (?). 

Sn + 20 = Sn02 + 14D0K (?). 

Sn + O = SnO + 700K (?). 

Sn + 0 + HjO - SnO^Ha + 681K. 

Pb -f 0 = PbO ‘ + 503K. 

Pb + S = PbS + 184K. 


* Comjptes rend,^ 93 , 1508. f Chem. Soc,^ 57 , 749. J Red. § Yellow. 
II Rock cpjstal at 10° Tridymite, 2 ’3 ; fused to glass, 2 ‘22. % PbgWa. 
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CHAPTER XXII. 

OXIDES, SULPHIDES, &C., OF ELEMENTS OF THE NITROGKN GROUP. — 
THE PENTOXIDES AND PENTASULPHIDES, AND THEIR COMPOUNDS; 
NITRATES, VANADATES, SULPHOVANADATBS, NIOBATES, AND TANTAL- 

ATES.— jTETROXIDES. TRIOXIDES ; NITRITES AND VANADITES. — NITRIC 

OXIDE AND SULPHIDE. — NITROUS OXIDE AND HYPONITRITES. 


Oxides, Sulphides, Selenides, and Tellurides of 
Nitrogen, Vanadium, Niobium, and Tantalum. 

These are very numerous. The compounds of nitrogen are not 
formed by direct union, for heat is absorbed during their formation 
and they therefore are easily decomposed. Those of vanadium 
niobium, and tantalum, on the other hand, are very stable. 

List of Oxides. 

Nitrogen. Yanadium. Niobium. Tantalum. 


Monoxides N^O — — — 

Dioxides NO NO* NbO — 

Trioxides N2O3 Y2OJ — — 

Tetroxides iVOg ; N2O4 VO2* NbOs TaOs 

Pentoxides N2O5 Y2O5 Nb205 Ta206 

Hexoxido N20a — — — 


List of sulphides, selenides, and tellurides : — 

NS; NSe; YSg ; V2S5 ; TaSaC?). 

Sources. — Xone of these bodies occurs native. The pentoxides 
occur in combination with the oxides of metals in the nitrates, 
vanadates, niobates, and tantalates, which will be described latei*. 
Among the most important are nitrates of sodium and of potas- 
sium, named respectively Chili saltpetre and saltpetre or nitre ; 
vanadinite, a vanadate and chloride of lead ; pyrochlore, a niobate 
of calcium, cerium, &c. ; euxenite, a niobate and tantalate of 
cerium, yttrium, &c. ; and tantalite, a tantalate of iron and man- 
ganese. 

Preparation. — The starting-point for the preparation of all 

* As the molecular weight of these bodies is unknown their simplest formulae 
are given. ^ 
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the oxides of the members of this group is the compounds of the 
pentoxides with other oxides. For nitrogen oxides, the nitrates of 
potassium and sodium; for vanadium oxides, the vanadate of lead; 
for the oxides of niobium and tantalum, the niobates and tantal- 
ates of yttrium, lanthanum, iron, manganese, &c. On treatment 
of these compounds with strong sulphuric acid, hydrates of the 
pentoxides are set free. This may be regarded as the displace- 
ment of an oxide by another oxide, viz., SO3. As nitric acid, 
NjOs.HaO, or as its vapour-density shows us, HNO3, is a liquid, vola- 
tile without decomposition, it can be distilled away fro n^ the solid 
sulphate of sodium or potassium ; the vanadate of lead, on treat- 
ment with sulphuric acid, or, better, on fusion with hydrogen 
potassium sulphate, HKSO4, is decomposed, lead sulphate, which 
is insoluble in water, being left behind ; and on treatment with 
water vanadate of potassium is dissolved, from which strong nitric 
acid sets free vanadic acid, Y2O6.H2O, as a reddish precipitate. 
The pentoxides of niobium and tantalum are also produced by fusing 
the ores with hydrogen potassium sulphate, and after cooling, 
boiling the fused mass with water ; the iron, yttrium, &c., all go 
into solution as sulphates, and the pentoxides remain as insoluble 
hydrates. 

We shall begin — reversing the usual order — with the pent- 
oxides, because they form the sources of the lower oxides. 

Pentoxides.— Nitrogen pentoxide is produced by the action 
on nitric acid of phosphoric anhydride, P2O5, a body which has a 
great tendency to combine with water, and which, therefore, with- 
draws it from nitric acid. The acid cannot be dehydrated by heat 
alone, for the pentoxide easily decomposes into the teti'oxide, losing 
oxygen. Phosphorus pentoxide is gradually added to ice-cold, 
pure nitric acid, and the syrupy liquid is distilled at a low tem- 
perature. The liquid distillate consists of two layers, the upper 
one being the pentoxide, mixed with a little of the compound 
2^^206.11.0 ; the lower consisting of the latter compound. The 
upper layer is separated, and cooled with a freezing mixture, when 
the pentoxide deposits in crystals. The equation is : — 

2HNO3 + P2O6 = 2HPO3 -f N2O6. 

This substance may also be prepared by heating silver nitrate, 
AgN O 3 , to 58 — 68 ° in a current of perfectly dry chlorine. This reac- 
tion should yield a hexoxide, NaOe, thus, AgNO^ -f OU = 2AgCl 
4- N-iOe; but the hexoxide is unstable, and decomposes at the moment 
of liberation into pentoxide and oxygen. The hexoxide is said, 
however, to be produced by passing an electric discharge through 
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a mixture of nitrogen and oxygen at — 23 °, and to form a volatile 
crystalline powder. 

Another method, which appears to act well, is to pass a mixture 
of nitric peroxide, NO2, and chlorine over dry silver nitrate at 
60 — 70 °. The equation is NO^ Cl AgNOj = AgCl + A2O6. 

The pentoxide must be condensed in a (J-tube, surrounded by a 
freezing mixture ; and the most scrupulous care must be taken to 
exclude moisture, by drying the apparatus and materials perfectly 
before use, and by preventing the access of moist air. 

Vansfdium, niobium, and tantalum pentoxides are produced 
(1) by burning the elements in air, or by the oxidation of the lower 
oxides when heated in air. (i) By heating their hydroxides 
(aeids), or in the case of vanadium by heating ammonium vanadate, 
2NH4VO3 = 2NIIi -b H.O + V2O5; or by heating a solution of 
the oxide VO2 in strong sulphuric acid; the first reaction is the 
formation of the sulphate, V20.,.2S03.H20, a portion of the sul- 
phuric acid losing oxygen to oxidise the tetroxide to pentoxide, 
thus 2VO2 + H2SO4 = VaOs d- H2O -f SO-i\ the pentoxide then 
forais the above sulphate ; V2O5 + 2H2SO4 = V205.2S0< + 2H2O. 
The sulphate is decomposed on fuither ignition into y206 and SO^. 
( 3 ) By the action of water on the pcntahalide or oxyhalides. This 
yields the hydroxides, from which the oxides are obtainable. 

Properties. — Nitric pentoxide forms brilliant, colourless, 
transparent rhombic prisms; it melts at 30 °, and boils about 45 °. 
It is very unstable, forming nitric peroxide with loss of oxygen, but 
can be preserved for several days at 10 ° in a dry atmosphere. It 
hisses when dropped into water, forming hydrated nitric acid. 

Vanadium pentoxide is a reddish-yellow solid, sparingly 
soluble in water, to which it imparts a yellow colour. The solution 
is tasteless, but has an acid reaction. It melts when heated to 
redness, and on solidifying it turns incandescent, probably display- 
ing the phenomenon of superfusion. 

Niobium pentoxide is a white insoluble solid, turning yellow 
when heated, but regaining its whiteness on cooling. It has been 
fused at a white heat. After ignition it is insoluble in acids. 

Tantalum pentoxide is also a white insoluble powder, which 
has not been fused. It is also insoluble in acids. 

Vanadium is the only element of which a pentasulphide is 
known. It is pioduced by adding ammonium sulphide to a solution 
of the pentoxide, and precipitating with hydrochloric acid. It is 
a brown precipitate, which turns black on drying. It is soluble in 
sulphides of sodium and pota.ssium, forming sulphovanadates (see 
below). 

Y 
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Compounds with water and oxides.— Of these oxides that 
of nitrogen is the only one which readily dissolves in water, forming 
a compound. That of vanadium is slightly soluble ; but the pent- 
oxides of niobium and tantalum do not combine with water. The 
name ^^acid^is applied to the hydrates of these oxides, because 
the hydrogen of the combined water is replaceable by metals, when 
the compound in solution is treated with hydroxides of the metals, 
or heated with the carbonates. These acids are as follows : — 

2N2O5.H2O; NaOfi.H^O, orHNOa; V^O^.H^O, or HVO3; 

(this body contains another molecule of water, which is easily ex- 
pelled by heat, and which is therefore not regarded as essential to 
its composition) ; NbgOs.nHzO, and Ta205.wH20, the value of n being 
unknown. 

There are two classes of nitrates, the ordinary nitrates, and 
the basic nitrates ; and many classes of vanadates, niobates, and 
tantalates. 

Nitric acid and nitrates. — Preparation. — The method of 
preparation of nitric acid is by distillation of sodium or potassium 
nitrate with excess of sulphuric acid. The reaction is as follows — 
KNO3 + H2SO4 = HKSO4 + HNO3. 

It would appear as if economy of sulphuric acid might be attained 
by using the proportions 2KNO3 + H2SO4 = K2SO4 -f 2HNO3; 
but at the temperature at which hydrogen potassium sulphate 
attacks a nitrate, nitric acid is largely decomposed. On the small 
scale, the distillation is carried out in a glass retort (see Fig. 39 ) ; 
on the large scale in one of iron. The iron is protected by a film 



of ferroso-ferric oxide, Fe304, which is at once formed on the 
surface, and on which nitric acid is without action. The worm of 
the condenser and the receivers are usually made of stoneware. 

Nitric acid is also produced along with nitrous acid by the 
action of water on nitric peroxide, N2O4 orNOj, thus — N2O4 + HjO 
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= HNO3 + HNOa; also by beating a solution of nitrous acid, 
3HNO2 = HNO3 4- H2O 4 - 2 NO. 

When prepared by distillation it usually has a yellow colour, 
owing to its containing peroxide, NO2, in solution. This substance 
is easily volatile, and may be removed by passing a current of air 
through the acid for some hours. 

Properties. — Nitric acid, when pure, is a colourless liquid, 
fuming slightly in the air, being somewhat volatile at the ordinary 
temperature. It freezes at — 55 °, and boils at 86°, partially de- 
co mpo8ii?g into tetroxide, N2O4, oxygen and water, a weaker acid 
remaining behind. It is completely decomposed when heated in a 
sealed tube to 256 °. Its density corresponds with the formula 
HNO-i. It absorbs water from the air, forming, no doubt, a 
hydrate, which, however, has not been isolated, although it is 
stated to have the formula 2HN03.3H20, or N20ft.5H20. 

The hydrate 2N2O5.H2O is produced during the preparation of 
nitric anhydride, N2O5, by use of phosphorus pentoxide. It is the 
lower layer, into which the distillate separates, and it crystallises 
out when cooled by a freezing mixture ; and it can also bo prepared 
by adding nitric anhydride to nitric acid. At the ordinary tem- 
perature it is a liquid, but it turns solid at about — 5 °. 

A solution of vanadium pentoxide in water perhaps contains 
the compound V2O5 3H2O, or H3VO4; but the hydrate best known 
is V2O5.H2O, or HVO3, corresponding to nitric acid. This sub- 
stance is a brown^red powder, prepared by adding nitric acid to a 
solution of one of its salts, e g., V2O5.K2O, or KVO3. It is also 
formed by heating a mixture of solutions of copper sulphate with 
vanadic acid and a large excess of ammonium chloride to 75 °. The 
copper vanadate decomposes, depositing golden-yellow scales of 
metavanadic acid. It contains a molecule of water in addiiion, 
V20a.2H20, but as the second molecule is lost wdien it is dried over 
strong sulphuric acid, it must be very loosely combined. It is also 
produced by the action of water or vanadium pentachloride, or 
oxychloride, YOCI3. It is a reddish-yellow powder or golden- 
yellow scales ; it is very hygroscopic. 

Niobic and tantalic acids are precipitated as white powders 
on adding hydrochloric acid to a solution of sodium or potassium 
niobate or tantalate ; or by the action of water on the penta- 
chloride of niobium or tantalum. When heated they lose water, 
and leave the pentoxide. 

Nitrates, vanadates, niobates, tantalates. — These salts are 
all produced by the action of nitric, vanadic, niobic or tantalic 
acid, in presence of water, on hydrates, oxides, or carbonates, or 

V 9 
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by fusion of the pentoxides of the three last with hydrates or 
carbonates of lithium, sodium, potassium, &c. The following 
equations may be taken as typical : — 

HNOg.Aq -f KOH.Aq =- KNOg-Aq + H 2 O; 

2HN03.Aq + CuO = Cu(N03)2.Aq + HjO. 

2 HN 03 Aq + CaCO., = Ca(N 03 ) 2 .Aq HoO 4- COg. 

V2O5 + 2 KOH Aq = 2KV03.Aq + HgO ; 

V 2 O 6 + SNa^COa = 2Na3V04 4* SCOg. 

These equations are rendered more simple by the older ijuethod of 
representation, thus : — 

NjOg.Aq 4- KgO.Aq = N205.K2^ '^q 5 
NgOg-Aq 4 - CuO = N 205 Cu 0 .Aq. 

NgOg Aq 4- CO 2 CaO = NgOg-CaO Aq 4 - CO^. 

"V^gOg 4" ^CgO JUgO ^^gOg ElgO + jB^gO ! 

VgOg 4- SCOg.NagO = VgOg.SNagO 4 SCO.. 


All nitrates are soluble, and hence cannot he produced hij precipita^ 
tion, unless the solution be a concentmted one. It is possible to 
prepare certain nitrates, however, such as those of lead, silver, 
and barium, by addition of much nitric acid to a soluble salt of 
sueh metals; for the nitrates produced are sparingly soluble in 
nitric acid. Thus : — 

BaCh + 2HNO3 = Ba(NO,)2 + 2HCI ; 

Ag^SO* + 2HNO3 = 2AgNOa 4- H2SO4. 

The nitrate of barium or silver is precipitated as a crystalline 
powder. Many vanadates, niobates, and tantalates are produced 
by precipitation, e.g., those of lead and silver. 


Nitrates, vanadates, niobates, and tantalates. 

LiNOs ; below 10°, 2LiN03 SHgO j NaNOg j KNO3 ; KNO3.2HNO., 
melting at —3°. 

BbNOg: KhNOa-SHNOg. CSNO3. NH4NO3; NH4NO32HNO3 : 
NH 4 N 03 .Hlir 03 . 

These are all white, soluble salts. Those containing excess of 
nitric acid are made by mixture and cooling. With the exception 
of ammonium nitrate, the action of heat on which is peculiar, and 
will be fully treated of later in this chapter, these salts when 
heated to bright redness fuse and give off oxygen, forming at first 
the corresponding nitrites MNO2; at very high temperatures they 
ffive off nitrogen and oxygen, and leave oxides and peroxides. They 
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cannot be strongly ignited even in gold, silver, or platinum vessels 
without attacking them, forming oxides. 

Two of them, sodium and potassium nitrates, are commercially 
important. Sodium nitrate, named “ Chili saltpetre,” does not 
occur in Chili, but forms immense beds, several feet thick, at 
Tarapaca, in Northern Peru. Its local name is “ caliche.” Its 
crystalline form is nearly cubic, but in reality it forms very obtuse 
rhombohedra ; it is often erroneously named “ cubic saltpetre.” 
One gram of the salt dissolves m 1*4 grams of water at 15° ; it is 
also solnble in alcohol. It is largely used as a manure. 

Potassium nitrate, also called “ nitre ” or “ saltpetre,” is 
present in most soils, being especially abundant in chalk or marl. 
It also occurs in the leaves of many plants, especially in those of 
the tobacco-plant. It is found as an efflorescence on the soil of 
hot countries, being formed by the action of a ferment or ammonia 
in presence of bases, the ammonia being derived from decomposing 
animal or vegetable mattei’.* The nitrate ferment is a minute 
organism similar to those which produce fermentation. Nitrifica- 
tion, as the process of transformation of ammonia inlo nitric acid 
is called, goes on beneath the surface of the soil, the necessary 
conditions being apparently presence of air and absence of light. 
It ceases and does not recommence if the soil be kept for some 
time at 100°, the organism being destroyed ; but after exposure to 
the atmosphere fresh germs enter, and it again proceeds. The 
manufacture of nitre by this process has been carried out for ages 
in Upper India; stable-manure and limestone are exposed to air 
for several months, and the resulting nitrate of calcium is con- 
verted into nitrate of potassium by treatment with potassium 
carbonate or sulphate ; the soluble potassium nitrate is easily 
separated from the insoluble calcium carbonate or sulphate. The 
process is also carried out in France and elsewhere. 

Potassium nitrate is now largely prepared from the Peruvian 
sodium nitrate by mixing the latter with potassium chloride. 
Sodium chloride is formed, and, as it is much less soluble in hot 
water than potassium nitrate, it separates out on evaporation. The 
mother-liquor, after removal of most of the salt, deposits crystals 
of nitre. 

Potassium nitrate crystallises in two forms : in tri metric prisms, 
and in rhombohedra, like calcspar. It has a cooling taste ; it is 
soluble in 3^ parts of water at 18°, but insoluble in alcohol. It 
melts at 339°.t 

* Clem. Soc , 36 , 454 . 

t For lists of melting points, see Carnolley and Williams, Chem. Soc.^ 33, 279. 
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Ammonium nitrate is prepared by mixing nitric acid and 
ammonia, and evaporating till the water is expelled. It dissolves 
in half its weight of water at 18 % and is also soluble in alcohol. It 
melts at 108 % and can be distilled at 180 % splitting into nitric acid 
and ammonia, which recombine on cooling (?). At a higher tem- 
perature it decomposes into nitrous oxide and water. It is formed 
in solution by the action of dilute nitric acid on some metals, espe- 
cially on tin. 

Orthovanadates : Na3V04 ; K;,V04 ; also with «^^d 2WJO. Pjro- 

Tanadate : V205.2K20*^^20‘ Metavanadates : LiVOs > NaVOs ; also with 
2H2O; KVO32H2O; NH4.VO3. Acid Vanadates : 2V.05.L.i20 ; also with 
9H2O j 2V2O6 Na 20 j 2V2O6.K2O 3 , 4 , and 7H2O ; 2V2O5 (NH 4)20 4H2O ; 

3V205.2Na20 9H2O 5 3V2O6.K2O 6H2O (insoluble) ; 3V2O5 9H2O ; 

3V206.(NH4)20.6H20 ; 4V205.6Na20. 

The ortho vanadates are produced by fusing vanadium pent- 
oxide with carbonates in theoretical proportions. With sodium 
carbonate the pyro vanadate, Na4V207, is formed first. They are 
soluble in water, but decompose slowly at the ordinary tempera- 
ture, rapidly on warming, into sodium or potassium hydroxides 
and pyrovanadates or metavanadates. They are yellowish solids. 

The metavanadates are white, soluble, earthy bodies which, 
on acidifying with acetic acid, turn orange, and on evaporation 
deposit orange-yellow crystals of the acid vanadates. Ammonium 
meta vanadate is produced by addition of ammonia in excess to 
vanadic acid; the acid vanadate, 2V205.(NH4)20, by saturating 
ammonia with vanadic acid ; and on acidifying with acetic acid 
the body 3V205.(NH 4)20 is produced. 

Niobates.— ?Nb205 4X30 1 GH ,0 ; YNbjO^.SK.O 32H2O ; 

2Nb205.3K20.13H20 ; SNbaOs X 2 O. 5 H 2 O ; ^Nb206.2K20.11H20 ; 

Nb205 2X30.11X20 ; NbgOa ^3.20.6:^26 ; 3Nb2O5.2Na2O.9H2O. 

The first of these is obtained by fusion of niobic pentoxide with 
potassium carbonate solution in water, and crystallisation ; the 
solution also deposits crystals of the second compound ; and the 
third is formed by addition of potassium hydroxide to one of the 
former, and crystallisation. The fourth is produced by boiling 
potassium flluoxyniobate, NbOF3.2KF.H2O, with hydrogen potas- 
sium carbonate ; it is nearly insoluble in water. These compounds 
are all white, and crystallise. The sodium salts are easily decom- 
posed by water into hydi'ated niobic pentoxide and sodium 
hydroxide. 
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Tantalates. — 3Ta205.4Ka20.25H20 ; 3Ta205.4K20.16H20 ; Ta 205 .Na 20 ; 

Ta205.K20. 

On fusing tantalum pentoxide with excess of caustic potash or 
soda, and washing out excess of the alkali with alcohol, the salts of 
the formula 3Ta305.4M20 remain as crystalline powders. Their 
solutions, when warmed, deposit the other salts of the formula 
Ta203.M20 as insoluble precipitates. 

Be(N03)2.3H20; Be( 0 H).N 03 .H 20 ; Ca(N03)2.4H20 j Sr(N03)2.5H20 j 
Ba(N03)2. 

These are also white soluble salts. The basic beryllium 
nitrate is produced by digesting a solution of the ordinary nitrate 
with beryllium hydrate. Calcium nitrate often occurs as an 
efflorescence on caverns frequented by bats and birds, and in stables, 
&c., where animal matter decomposes in presence of calcium 
carbonate. It is easily soluble in water, and in alcohol, and may 
be fused without decomposition. Strontium nitrate is also an 
easily soluble salt ; it is used to produce red fire in pyrotechny. 
Barium nitrate is one of the important salts of barium. It is 
formed by dissolving barium sulphide (g.r.) or carbonate in dilute 
nitric acid, or on account of its sparing solubility (1 part in 11*7 
of water at 20”) by addition of potassium nitrate to a strong 
solution of barium chloride. It is insoluble in strong nitric acid 
and also in alcohol. These nitrates, when heated, yield nitrites, 
and then oxides at a bright red heat. 


Ca(V03)2 ; Sr(V03)2 ; Ba(V 03 ) 2 .H 20 ; 2Ca2V207.5H20 ; ; 

2V206.Ca0j 2 V 205 Ba 0 j 2V205.3Ba0.19H20. 

The three first are yellowish-white gelatinous precipitates 
formed by adding ammonium metavanadate to soluble salts of the 
metals; the three last are orange-coloUred, and are produced by 
acidifying the former with acetic acid. The other vanadates are 
insoluble and are formed on adding to a soluble salt of the metal 
potassium ortho vanadate. They have not been analysed. The 
pyrovanadates are produced by precipitation. 

Nb206.2CaOj NbgO^.CaO. 

These are prepared by fusing niobium pentoxide with calcium 
chloride, or with calcium fluoride and potassium chloride. They 
are insoluble. Other niobates and tantalates are formed as in- 
soluble precipitates on adding a soluble niobate or tantalate to a 
soluble salt of calcium, strontium, or barium. They have not been 
analysed. 
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Mgr(N 03)2 6 H 2 O ; Zn(N 03 ) 2 . 6 H 20 ; C(i(N 03 ) 2 . 4 H 20 —Basic nitrates 

3N2O5.4ZnO.3H2O j N2O5.2ZnO.3H2O ; N2O5 2 CdO 3H2O ; and NgOs.SZnO. 

Magnesium, zinc, and cadmium nitrates are white deliquescent 
crystals, soluble in alcohol. The Imsic nitrates of zinc, produced 
by digesting the ordinary nitrate with zinc hydrate, are non- 
crystalline soluble masses, Nb 206 . 4 Mg 0 and NbaOs 3 MgO are 
also known. 

Sc(N 03)3 ; Y(N03)3 4H20 and I2H2O; La(N03)3.6H20 and 4H2O. 

These are colourless soluble deliquescent salts. A c:^stalline 
vanadate of boron has been produced by fusion. 

A1(N03)3.9H20 ; Ga(N03)3; InCNOalg JiH^O ; TINO3 ; TINO3 3HNO3 

Aluminium nitrate is deliquesent ; when digested with hy- 
droxide, or when heated, it forms basic salts, similar to those of 
zinc. Indium also forms ba.sic nitrates. 

Thallous nitrate is insoluble in alcohol ; the acid salt crystal- 
lises from strong nitric acid. All these salts are colourless. 

n.,V04 j TI4V2O7 ; TIVO3 ; also TL ,0 ; 5V2O5.6TI2O ; 7V2O5.6TI2O. 

The first of these, prepared by fusion, is a red substance ; the 
second is precipitated by addition of or^/iovanadate of sodium, 
NuaVOi to a thallous salt, as a yellowish powder; and the third 
is produced by fusion ; it forms dark scales. The pyrovanadato 
is formed with liberation of alkali ; if it be wjirmed with water, 
more and more alkali goes into solution, and the other acid vana- 
dates are produced. 


Cr(N03)3.9H20; re(N03)3.9H20.— Basic salts, 2N2O5 Cr203; 3N205.2Cr203 ; 
also many basic ferric salts. Two basic salts of chromium should be here 

/NO3 /NOt 

included, viz. : Or— OH, and Cr^NOa, produced by treating the compound 
NCI \C 1 

Cr(OH)2Cl with nitric acid. 

Chromium nitrate is a violet crystalline substance; and the 
ferric salt lavender- blue ; both are very soluble. The basic salts 
of chromium are green ; those of iron orange-yellow. 

Fe(N03)2.6H20 ; MnfNOals 6H2O, and SHjO ; Co{NO^)2.6^0 ; 

NifNOglg.eHsO.— jBanc salt N2O6.6CoO.5H2O. 

The solution of ferrous nitrate must be evaporated in the cold ; 
when heated, oxygen from the nitric group oxidises the iron to 
ferric nitrate, and a basic substance is formed. The ordinary 
nitrate of iron is green ; that of manganese, pink ; that of cohalt, 
red ; and of nickel, grass-green. They are all soluble in alcohol, 
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Basic cobalt nitrate is produced as a blue precipitate by adding a 
solution of ammonia to the normal nitrate ; and nickel nitrate, 
similarly treated, gives a green basic salt. 

Hydrated titanium and zirconium dioxides are soluble in nitric 
acid ; but on warming the solution of the former, the hydrate 
separates out< Zirconium nitrate can be evaporated to dryness ; it 
leaves a gummy mass. Cerium sesquioxide dissolves in nitric acid, 
and on evaporation a crystalline mass of Ce(N03)3.6H20 is left. 
The dioxide also forms an orange-yellow solution iu nitric acid. 

Thorium nitrate, Th(NO.i)4, is a crystalline salt ; it also forms 
a double salt with potassium nitrate Th(N03)4.KN0,. 

Silica, recently precipitated, is sparingly soluble in nitric acid. 
The nitrate of germanium has not been prepared ; that of tin, 
Sn(N03)4, is obtained by dissolving stannic hydrate, Sn(OH)4, in 
dilute nitric acid ; on rise of temperature it easily decomposes into 
metastannic acid, 5 SnOo. 5 HoO, and nitric peroxide, NOo. If am- 
monium nitrate be present, the decomposition does not occur, 
probably because it forms a double salt. 

Stannous nitrate, Sn(NO02, is produced by dissolving tin in 
dilute cold nitric acid. It also is easily decomposed when heated, 
giving metastannic acid. Lead nitrate, PbtNO^b , forms octa- 
hedra ; when crystallised below 16 °, it contains 2H2O ; it is in- 
soluble in alcohol. By digesting it with lead hydrate, or by adding 
ammonia to ordinary lead nitrate, the basic salts, N.^Os 2PbO H3O 
(= NO, - Pb - OH) ; N.05.2Pb0 ; 2N2O5.3PbO.8H O , and 
3N2O5.lOPbO.4H2O, are formed. The last three are nearlj^ in- 
soluble in water. 

Two vanadates of lead are found native, viz., Pb(V 03 ) 2 , lead 
metavanadate, or dechenite, and PbaVaO?, lead pyrovanadate, or 
dcsdoizite. Lead orthovanadate, Pb,(V04)2, has also been prepared ; 
it is a yellow precipitate. An orange-coloured acid salt is also 
produced on treating one of these vanadates with acetic acid ; it 
has the formula 2V.2O5.PbO. The mineral vanadinite, 
3 Pb,(V 04 ),.PbCl 3 , is a compound of lead ortho vanadate and 
chloride. 

Nitrates, vanadates, &c., of members of the vanadium group do 
not appear to exist. The compound nitric peroxide, N2O4, has been 
viewed as nitrate of nitrosyl, NO, thus, N0(N03) ; but of the 
justice of this view there is no proof. A nitrate of the oxide y304 
appears to exist ; and YaOj is soluble in acids, but the hydrates of 
tantalum and niobium pentoxidcs are insoluble in nit>ic acid. 

Similarly, although the oxides of phosphorus and arsenic dis- 
solve in nitric acid, no compound has been isolated. But with 
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antimony, N 205 .Sb 406 , has been prepared ; and the pentoxide, 
Sb^Oj, is slightly soluble in nitric acid. 

Bismuth nitrate, Bi(N03)3.6H,0, is a well crystallised salt. 
On treatment with water it gives a mixture of three salty; 
each of which may, however, be prepared fairly pure by careful 
attention to temperature and dilution. These are N20^.Bi203.H20 
= 2{Bi0(N03)}.H20 ; 2N205.Bi203 H2O = Bi( 0 H) (N03j2; and 
N2O5.2Bi2O3.H2O These basic nitrates are insoluble in water. 

Molybdenum trioxide is soluble in nitric acid ; so too is oxide of 
tungsten, but no compounds are known. Uranium fornls yellow 
nitrates of uranyl of the formulae U0o(N03)2 dHgO and BHaO. 

Samarshite consists chiefly of niobates of uranyl, iron, and 
yttrium. 

A nitrate of tellurium of the formula N205.4Te02 is produced 
on dissolving tellurium in nitric acid, and evaporating. 

Rhodium oxide is soluble in nitric acid, but the nitrate is 
unstable. But on adding sodium nitrate the stable double salt 
Rh(N 03 ) 3 .NaN 03 may be obtained in crystals. Palladium nitrate, 
Pd(N03)3 is easily prepared by dissolving palladium monoxide, or 
the metal, in nitric acid. It is a brown compound ; and on evapo- 
ration a basic salt is produced. 

Osmium oxide is also soluble in nitric acid. Platinic nitrate, 
Pt(N 03 ) 4 , is unstable, but as with rhodium the addition of potas- 
sium nitrate fields a stable double salt of the formula 

Pt(N03)4.KN03. 

Cu(N03)2.3H20 5 Cu 3(V04)2H20; V2O5.4CuO.3H2O, also H2O. The 
latter is possibly V 0 .( 0 Cu. 0 H).( 02 )Cu. It is found native, and named 
volborthite, 

Cu(N03)2N’H4N03. 

Copper nitrate is a soluble blue salt, crystallising well. It 
is the source of copper oxide for the analysis of organic sub- 
stances, for, like almost all the nitrates, it yields the oxide on 
ignition. The vanadates are brown substances. 

ARNO3; AerNOsKNO:,; A&NO3.NH4NO » ; 2AgN03.Pb(N03)a. 

Agr3V04; A 8 : 4 V 207 ; A^VOa. 

The first nitrate is an important substance. Great use is made 
of it in photography, electrotyping, &c., and under its old name 
“ lunar caustic” (luna = silver), it is employed as a caustic, being 
cast into sticks for medical use. It is a white easily fusible salt 
(m. p. 218 ®) ; it is soluble in about its own weight of cold w-ater, 
and iu about four times its weight of alcohol. It crystallises with 
sodium and lithium, to form double salts like those of potassium 
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and ammoninm, but not in molecular proportions. A number of 
double nitrates and halides are known ; e.g.^ 

. AgNOjAffCl; AgNO^AgBr; AerNOg Agrl ; 2AgrN03.AfirI ; 

4AffN03.Pb(N’03)2.2A»I ; 2AsN03.Pb(N03)2.2AfirI. 

These are sparingly soluble salts prepared by mixture. 

The mercurous nitrates are numerous, many basic compounds 
being known. They are as follows : — 

HgrNOg.H.O; 3N2O5.4Hfir2O.H2O; 3 N 205 . 5 Hfir 20 2H2O ; N205.2Hfir20 2H2O. 

% 

Others are said to have been obtained, but their existence is 
questionable. Mercurous nitrate is formed by digesting mercury 
with cold dilute nitric acid. The basic nitrates are produced by tlie 
action of water on the ordinary salt. Double salts with strontium, 
barium, and lead nitrates are also known, of formulce such as 
3 N 205 . 2 Pb 0 . 2 Hg 20 . All these salts are crystalline and soluble. 

By dissolving mercuric oxide, HgO, in excess of nitric acid 
and evaporating, crystals of the salt 2Hg(N03)2.H.>0, are deposited. 
Crystals with 8H2O may also be produced by cooling the solution. 
These crystals, when fused, deposit a basic salt, N2O5.2HgO.3H2O ; 
and with water they yield N2O5.3HgO.H2O. Like silver nitrate, 
mercuric nitrate combines with mercury halides, forming colour- 
less crystalline compounds, e.g., Hg(N03)2.Hgl2 ; 2Hg(N03)‘2.Hgl2; 
Hg(NOj)2.2Hgl2 ; and 2Hg(N03)2.3Hgl2. These are all decom- 
posed by water. The compound 2Hg(N03)2.4AgI.H20 is also 
known. 

Oxide of gold dissolves in nitric acid, but the solution decom- 
poses spontaneously at the ordinary temperature, again depositing 
gold oxide. 

Compounds of vanadium pentasulphide. — This body is 
soluble in sulphides of the alkalies. On adding alcohol to its 
solution in potassium sulphide, a scarlet precipitate is produced, 
consisting of potassium sulphovanadate ; it has probably the 
formula V2S5.K2S = KVS3, and is a meta-compound. A solution 
of this substance gives brown precipitates with soluble salts of 
other elements, but the formulae of the compounds are unknown. 

Compounds containing halogens. 

VOF3; YOCI3; YOBrg; NbOFa; NbOCL ; NbOBra ; TaOF3. 

No corresponding nitrogen compound is known, although a 
mixture of nitrosyl chloride, NO Cl, and chlorine reacts with water 
as. if it consisted of NOCI3. 
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Vanadyl trifluoidde is known in combination (see below). 

Vanadyl chloride, VOCI 3 , is produced by heating the oxide, 
V 2 O 2 (or VO P) in a current of chlorine, when direct union ensues. 
The higher oxides, mixed with carbon and heated in chlorine, a^oO 
yield it. The bromide, VOBrj, is similarly prepared ; also by pass- 
ing bromine over the heated trioxide, V^Oj, but no corresponding 
iodide seems capable of existence. 

Niobium oxyfluoride (niobyl fluoride), oxychloride, and 
OXybromide are volatile white crystalline bodies. The chloride 
has a vapour density corresponding to the formula NbOQla. They 
are prepared along with the pentahalides by the action of chlorine 
on a mixture of the pentoxide with charcoal at a bright red heat. 
The trichloride at a red heat decomposes carbon dioxide, pro- 
ducing carbon monoxide and the oxychloride. Tantalum oxy- 
fluoride is produced by the action of air or water- vapour on the 
pentafluoride ; the oxychloiide and oxy bromide could probably be 
similarly produced. 

Vanadyl chloride is a golden-yellow liquid, boiling at 127*^. Its 
density leads to the usual formula. The oxybromide forms a dark 
red liquid boiling at about 130° under a pressure of 100 mins., bub 
it is decomposed at; 180° into the dibromide VOBr^. 

These oxy halides form the following compounds with the 
halides of other elements : — 

Fluoxyvanadates ; — 

V2O5.2VOFj.6KF.2H2O ; V2O2 2VOF3 6NHjF 2H2O ; 

V 2 O 5 . 2 VOF 3 .I 2 NH 4 F. 

Vanadoxyfluorides : — 

2 VOF 3 . 3 KHF 2 ; 2 VOF 3 . 3 NH 4 HF 2 ; 2V0F3.ZnF2Zn0.14H20. 


Nioboxyfluorides : — 

NbOFa 2 KF H^O ; NbOFj 2NH4F H2O ; NbOFg.SKF ; NbOF 3 . 3 NH 4 F ; 

SNbOFa SKF.HgO ; 3NbOFj.5NH4F.H2O ; NbOFj 3 KF.HF j 

SNbOFa 4KF.2H2O ; NbOFa NH4F ; NbOFj NbF5.3NH4F j 

NbOFg ZnFg.eHaO. 

Tantaloxyfluoride : — ^TaOF3.3NH4F. 

These bodies are produced by direct union. They are crystal- 
line salts. The tan taloxy fluorides react with water, forming 
hydrated tantalum pentoxide and tan talifluorides, such as TaF62KF, 
hence they have been little investigated. The corresponding 
chlorides and bromides of these elements are also easily decom- 
posed by water, hence their derivatives have not been prepared. 
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Tetroxides, or dioxides. — These are as follows : — 

NO2 and N2O4 J VO2 or V2O4 ; Nb02 or Nb204 ; TaOa or Ta204 j 
^ VS2 or V2S4. 

The formnla of nitric peroxide, as this substance is usually 
called, depends on the temperature. In the liquid state it is a 
tetroxide, N2O4. The gas, at the lowest possible temperature, 
also approximates to this formula: baton raising the temperature, 
dissociation ensues, the extent of dissociation depending on the 
temperaiSire and pressure, until, at 140°, at atmospheric pressure, 
the more complex molecules of N2O4 are entirely resolved into mole- 
cules of NO2. At higher temperatures the compound NO disso- 
ciates in its turn into NO and 0, and at 620° the gas contains no 
molecules of peroxide. On cooling, recombination takes place, 
and the phenomena are reversed. It is possible to trace these 
changes by the alteration of colour of the gas ; N2O4 is an almost 
colourless substance when solid; NO2 is dark reddish-black ; and 
a mixture of NO and O is also colourless. On heating a tube of 
hard glass filled with the gas, it turns dark at first, and then 
lightens in colour, turning nearly colourless at the temperature at 
which the glass begins to soften. As we have the two substances, 
one of which is a polymeride of the other, it is convenient to give 
them different names. The first, NO2, we shall call nitric peroxide^ 
reserving the name tetroxide for the compound N2O4. 

Alternative formulas have been ascribed to the oxides of vana- 
dium, niobium, and tantalum. They are non-volatile solids, and 
nothing is kno\Nn regarding their molecular complexity. 

Preparation.—!. By the union of the lower oxides with 
oxygen. — Nitrous oxide, N2O, does not combine directly with 
oxygen; but nitric oxide, NO, mixed with half its volume of 
oxygen, at once combines, forming a mixture of peroxide and 
tetroxide. Nitrogen trioxide, N2OJ, which is a blue liquid, is also 
slowly converted into peroxide and tetroxide when kept in presence 
of oxygen or air. 

Vanadium tetroxide is formed when the trioxide is heated 
in air ; but on prolonged heating it is oxidised to the pent- 
oxide. 

2. By depriving a higher oxide of oxygen.— It has been 
already remarked that nitrogen pentoxide decomposes spon- 
taneously into peroxide and oxygen. Nitric acid is more stable; 
but when its vapour is led through a red-hot tube, a large propor- 
tion is decomposed. It is more convenient, however, to deprive 
nitric acid of oxygen by distilling it with arsenious anhydride. 
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The reaction is; — 4N2O6.H2O -f A84O6 = 4 >N 20 i + 2AS2O5 -f4H20. 
The water, however, reacts with the tetroxide, thus : — 3N2O4 -f 
2H2O = 4HNO3 + 2 NO ; and a mixture of tetroxide, peroxide, 
and nitric oxide is produced. On condensing the product, th^^d 
combine to form tri oxide, thus, NO-z + NO = N2O3. Hence, in 
order to remove water from the sphere of action, a considerable 
quantity of strong sulphuric acid or phosphorus pentoxide is added. 
The product is then pure peroxide and tetroxide. To remove 
nitric acid, some of which is apt to distil over, the liquid is again 
distilled, with addition of a little more arsenic trioxide »iid phos- 
phorus pentoxide. 

The tetroxide may also bo formed by the action of nitric pent- 
oxide on the trioxide. The blue liquid containing trioxide may be 
rendered orange by addition of a mixture of nitric acid and phos- 
phoric anhydride, which must contain N20a. 

When a nitrate is heated, it decomposes into an oxide and oxides 
of nitrogen. If the pentoxide were not so unstable, one would 
expect that it would be formed, but, as a rule, the peroxide resolved 
by heat into nitric oxide and oxygen is produced by its decomposi- 
tion. On cooling the resulting gases they re-combine to form 
tetroxide and peroxide. The mo.st convenient nitrate to employ is 
that of lead. The equation is ; — 

PbCNOa)* = PbO -f 2 m, + 0 . 

Metallic tin may also be used to withdraw oxygen from nitric 
acid. The equation is : — 

Sn -f 4HNO3 = SnO* + 2N20i + 2H2O. 

Nitric and nitrous oxides, NO and N2O, are, however, produce(J 
simultaneously. The nitric acid must be strong and somewhat 
warm. It will be remembered that the tin is oxidised to meta- 
stannic acid, 5Sn02.5H20. 

The compound, VO2CI, decomposes when heated in carbon 
dioxide into VO2 and chlorine. 

Niobium pentoxide is reduced to tetroxide by heating it to 
whiteness in hydrogen, and tantalum pentoxide when heated to 
whiteness in a crucible lined with carbon loses oxygen, leaving the 
tetroxide. 

Properties. — Nitrogen tetroxide is a colourless solid below 
— 10 - 14 °. At that temperature it melts, but the liquid has a pale 
straw colour, owing to incipient dissociation. As the temperature 
rises its colour changes to yellow and then orange-red j it boils at 
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22 °, giving cfE a brown-red gas, which consists largely of the per- 
oxide. The peroxide is not known in the solid form, but the 
liquid tetroxide apparently contains some, judging from its colour. 
T’^e liquid compound is heavier than water ( 1*45 at 15 ”). It 
reacts with ice-cold water, forming nitrous and nitric acids, 
N2O4 + H20 = HNO3 + HNO*; and at higher temperatures 
forming nitric acid and nitric oxide, 3N2O4 -h 2H2O = 4HNO3 -h 
2 NO. It dissolves in strong nitric acid, forming the red fuming 
acid often employed for oxidation of sulphides, &c. ; and in sul- 
phuric acid, giving salts of nitrosyl, ^0 (see sulphates). It acts 
violently on cork and indiarubber, hence, in preparing it, all the 
joints should be of sealed glass. 

Vanadium tetroxide, V2O4 or VO2, is a dark green amorphous 
powder, insoluble in water, but soluble in hydroxides of sodium 
and potassium, forming hypo vanadates, and in acids, forming salts 
of vanadyl (VO). 

Niobium tetroxide is a dense black insoluble powder, which 
on ignition in air yields the pentoxide ; and tantalum tetroxide 
is a dark substance, which acquires metallic lustre under the bur- 
nisher. 

Tetrasulphides of vanadium, V2S4, and tantalum, Ta^S^ (?) 

are known. The first, produced by heating the tetroxide in a 
stream of hydrogen sulphide, is a black powder, insoluble in water, 
alkalies, or alkaline sulphides ; the second, which may be an oxy- 
sulphide, is produced b}^ heating tantalum pentoxide in vapour of 
carbon disulphide or tantalum pentachloride in hydrogen sulphide. 
It is a black powder, which when burnished acquires a brass-yellow 
lustre. 

Compounds with oxides and sulphides. — Nitric peroxide 
does not combine with water, but is decomposed (see above). It 
combines, however, with lead oxide, producing a compound of the 
formula PbNaOs, which ma,y be a salt of the hypothetical acid, 

NO 

H3N2O6, or may be a double nitrite and nitrate of lead, 

Similar compounds, but containing more lead oxide, are produced 
by heating lead nitrate with metallic lead. 

Vanadium tetroxide dissolves in alkalies, foiuning hypo- 
vanadates. On addition of a hydroxide to its solution in hydro- 
chloric or sulphuric acids, its hydrate, V2O4.7H2O, is thrown down 
as an amorphous black precipitate, which may be viewed as 
hydrated hydrogen hypovaiiadate. An arbitrary division is usually 
drawn between the compounds called hypovanadates and those 
termed vanadyl salts. They are here considered as chemically 
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similar ; both contain vanadium tetroxide in combination with 
other oxides. They are as follows : — 


2V2O4.K2O.7H2O; 2V2O4.Na2O.7H2O; 2 V> 04 .(NH 4 ) 20 . 3 H 20 ; 2V204.Ba0^,- 
2V2O4 PbO ; 2V2O4. 

These are termed hypovanadates. There are also V2O4.3SOj.4HoO 
and I5H2O; V2O4.iSO3.7H2O and lOHjO. These are termed 
vanadyl sulphates, and will be considered among the sulphates. 

Potassium hypovanadate, 2V2O4.K2O.7H2O, forms dark brown 
crystals, soluble in water, but nearly insoluble in caustic potash, 
and quite insoluble in alcohol. The sodium salt is similar. The 
barium, lead, and silver salts are brown or black, and are produced 
by precipitation. 

Hydrated vanadium tetrasulphide is precipitated on addi- 
tion of an acid to a solution of the tetroxide in sulphides of the 
alkalies. It is a brown powder. It dissolves in sulphides of the 
alkalies, forming the hyposulphovanadates. These have been 
little studied ; they are black solids dissolving with a brown 
colour. Those of the alkalies are soluble, and give precipitates 
with solutions of the metals. 

Compounds with halides. — Compounds of the formulae 
NOCI3 and NO2CI, though it has been stated that they are formed 
by various reactions, have been proved to consist of solutions of 
chlorine in nitrosyl chloride, NOCI, or in nitrogen tetroxide. Nor 
is any compound known of the formula NOCh. 

But vanadium oxy trichloride, VOCI3, when heated to 400 ° with 
metallic zinc is converted into VO Cl., a light green crystalline 
solid, deliquescent, and soluble in alkalies. The corresponding 
bromide is a yellow-brown deliquescent solid, produced by heating 
the tribromide to 180 °. The corresponding fluoride, VOFj, is 
known in combination with ammonium fluoride, in the blue mono- 
clinic crystals of VOF2.2NH4P, produced by adding hydrogen 
ammonium fluoride, HNH4F2, to a solution of tetroxide, V2O4, in 
hydrofluoric acid. 

Trioxides, N2O3 ; V2O3. — Preparation.— Nitrogen trioxide, 

or nitrous anhydride, is produced by the union of nitric peroxide, 
NO2, with nitric oxide, NO. It is apparently formed by all 
reactions involving these products ; but as it cannot exist in the 
gaseous state, it is formed only on cnoling the mixture of its 
products of decompodtion.’**^ Such a gaseous mixture is liberated 
on treating a nitrite with sulphuric acid, thus : — 


* Chem. Soc„ 47 , 187 . 
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2KNO2 + H2SO4 = K2SO4 4 - H2O -f NO^ + NO; 

or by adding water to hydrogen nitrosyl sulphate : — 

% 2H(N0)S04 -f Aq = 2H2S04.Aq -f AO2 + NO. 

When fairly pure it is a mobile blue liquid, stable only at a very 
low temperature. It does not solidify even on cooling it to about 
— 90 °. If warmed, it decomposes into its constituents ; and as more 
nitric oxide escapes than peroxide, the colopr of the remaining 
portion changes to green, and subsequently to dirty red : for the 
colour of the remaining peroxide is changed by that of the blue 
trioxide. It is also formed by the action of a small quantity of 
water on nitrogen tetroxide, thus: — 2N2O4 -f H2O = 2HNO3 -|- 
N2O3 ; and this is one of the easiest methods of preparing it. 
A mixture of nitric oxide, NO^ and oxygen, even if the oxygen 
be in excess, combines to some extent to form the trioxide when 
cooled in a freezing mixture. 

Vanadium trioxide is produced by heating vanadium pent- 
oxide in a current of hydrogen or with carbon. It is also formed 
when V2O2 18 heated gently in air. It is a black insoluble powder, 
possessing semi-metallic lustre. It is insoluble in acids. When 
heated to redness in air, it glows and burns to the pentoxide. It 
is a conductor of electricity. Like nitrogen trioxide, it combines 
with oxides, forming the vanadites. 

No trioxide of niobium or tantalum has been prepared. 
Compounds with oxides. — Nitrites and vanadites. — It is 
probable that two sets of nitrites exist, having the same formulae 
but different constitution ; these may be regarded as derivatives of 

two hypothetical nitrous acids, HN<^q, and HO — N= 0 . 

It is probable that the silver and mercury salts are derivatives 
of the first, and the potassium and calcium salts of the second. 
The reason for this view is as follows : — 

The compound of carbon, hydrogen, and iodine, known as 
methyl iodide, has the formula OH3I. When heated with silver 
nitrite in a sealed tube, silver iodide is produced, along with the 
compound CH3.NO2, named nitromethane. Now, on exposing this 
liquid to the action of nascent hydrogen, produced, for example, by 
the action of tin on hydrochloric acid, the following reaction 
occurs : — 

CH3.NO2 + 6H = CH3.NH2 -h 2H2O ; 

the oxygen is replaced by hydrogen, forming the compound 

z 
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(CH^).NrH 2 , analogous to ammonia, NH 3 ; and it is argued that the 
nitrogen and the carbon must be combined with each other. 

On heating methyl iodide, CH3I, with potassium nitrite, on the 
other hand, a compound o£ the same formula is produced, yx 
CH3.NO2, along with potassium iodide. But this body, which is 
named methyl nitrite, differs entirely in properties from its 
isomeride, nitromethane. And on treatment with nascent hydro- 
gen, this reaction takes place : — 


CHs.NO* + 6H = CH3.OH -h NH3 + H3O. 


The body CH3.OH is named methyl alcohol, and it is certain 
that carbon and oxygen are here combined. Hence the formula 
CH3O — NO is attributed to it, and KO — NO to the nitrite from 
which it is derived ; whereas silver nitrite has apparently the 
formula Ag — NO 2 . 

These conclusions are confirmed by a study of the action of 
caustic potash on these bodies. For while nitromethane reacts 
thus : — 

CH3.NO2 4- KOH = CH2.KNO2 -f H3O, 

methyl nitrite is decomposed, thus : — 

CH3.ONO + KOH = CH3.OH + KONO, 

the original potassium nitrite being reproduced. 

While, therefore, silver nitrite should probably be regarded as 
a nitHde of silver and oxygen, and should be considered among 
the nitrides, and potassium nitrite as a derivative of nitrous 
anhydride, yet we do not know which bodies to place in one class 
and which in the other ; and as we are not sure whether some of 
the compounds named nitrites are not mixtures of both com- 
pounds, it is more convenient to include both varieties at present 
in one class.* 

Preparation. — The nitrites are prepared ; 1. By reducing the 
nitrates. This is best done by fusing them with metallic lead. 
For instance, three parts of potassium nitrate fused with two parts 
of metallic lead with constaut stirring yield potassium nitrite and 
lead monoxide, thus : — 

KNO3 4- Pb = KNO2 4 - PbO. 

Potassium sulphite may also be employed as a reducing agent. 

2. By the action of a mixture of NO 2 and NO on 


* Chem. Soc.y 47, 203, 205, 631. 
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laydroirides. — Those reactions which produce such mixtures in 
correct proportions are to be preferred. An example is — 

NO + NO^ + 2 K 0 H.Aq = 2K:N02.Aq + H^O. 

By passing a mixture of oxygen and ammonia over 
heated platinum black (finely divided platinum), ammonium 
nitrite is formed, thus : — 

2Nn, -f- 30 = NH,N02 -f H2O. 

The nitrites of lead and silver are nearly insoluble, whereas 
the nitrates are very soluble salts ; hence, on adding to a nitrite a 
soluble salt of one of these metals (nitrates), the respective 
nitrites are precipitated. They may be converted into other 
nitrites by digestion with a soluble chloride in the case of silver, or 
a sulphate in the case of lead. 

List of Nitrites. — The following have been prepared : — 

XaNOj ; KXO2 > NH4NO2.H3O. 

White deliquescent salts. That of sodium is soluble in alcohol. 
The ammonium salt is produced by addition of nitrous anhydride, 
N2O3, to ammonia, keeping it cold ; or by mixing solutions of lead 
nitrite and ammonium sulphate, filtering off insoluble lead sul- 
phate, and evaporating in a vacuum to crystallisation. When 
heated, even in solution, it undergoes the curious decomposition 
NH4NO2 = N, + 2H2O. 

This forms a convenient method of preparing pure nitrogen. 
It may be carried out more conveniently by heating a mixture of 
potassium nitrite and ammonium chloride, best after addition of 
copper sulphate. 

The corresponding vanadites have not been analysed. They 
are produced by dissolving vanadium trioxide in alkalies. They 
are red when ‘hydrated, but green when anhydrous. 

Ca(N02)2H20i 5 BaCNOgls.HaO j Ba(N02)2.KN02.H20. 

These salts may be formed by heating a nitrate of one of these 
metals, dissolving the product in water, and, in order to separate 
oxide, passing carbon dioxide to remove it as carbonate. The fil- 
trate is evaporated and crystallised. Calcium nitrite is insoluble 
in alcohol. These are all soluble white salts. 

Mgr(N02)2.3H20 and 2H2O ; Zn(N02)2.3H20 ; 0d(X02)2.H20. Also basic 
salts: — X203.2ZnO, and X203.2Cd0; and double salts, Cd(N03)2.2B:N02, 
and Cd(N02)2.4KN02. 

These are all white soluble salts. 

Nitrites of chromium and iron have not been investigated. 

n O 
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Manganous nitrite is a pink deliquescent salt ; that of cobalt is 
rose-coloured, and of nickel green. 

The double nitrates of the last two metals are better known. 
They are as follows : — 

3 (Co(N02)2.2KN02) .H 2 O, also with other amounts of water. 

Ni(N02)j.Ca(N0j)j.KN02 ; also similar strontium and barium salts. 

These contain the metals as dyads, and are derivatives of CoO, 
and NiO. 

2Co(N02)3.4NaN02.H20 ; also BNaNOs-HjO ; 2Co(N02)3.4pB:20. 

These compounds are produced by boiling a cobalt salt with 
acetic acid and nitrite of sodium or potassium. The cobalt is 
here triad, as in C 02 O 3 . Nickel forms no corresponding com- 
pounds, and as the double nitrite of cobalt and potassium is nearly 
insoluble in water, its formation is used as a means of separating 
cobalt from nickel. It has a bright yellow colour, and is therefore 
used as a pigment. 

The following compounds of lead are known: — 

N2O3.2PbO.H2O, and 3H2O ; N2O3.3PbO.H2O; N2O3.4PbO.BC2O* 

The last three are yellow bodies, and are made by boiling 
a solution of lead nitrate with metallic lead; the first, by 
passing a current of carbon dioxide through one of the latter 
suspended in water ; the excess of lead oxide is removed as car- 
bonate. When lead nitrate solution is boiled with lead, a double 

NO 

nitrate and nitrite is also formed. Its formula is 4 Pb<:^ 2 ^Q^H 20 ; 

a basic salt is also produced, viz.. N 2 O 3 .N 2 O 6 . 9 PbO. 3 H 2 O. The first 
of these has been viewed as a salt of the anhydride N 0 O 4 ; as N 204 .Pb 0 
(see p. 335 ) ; but the formula given is more probably correct. 

Copper nitrite, Cu(N 02)2 is an apple- green crystalline salt; 
and silver nitrite, AgNO.„ forms long needle-shaped pale-yellow 
crystals, sparingly soluble in cold water. 

Some interesting double nitrites of platinum have been pre- 
pared (see pp. 485 and 544 *). 

Compounds with halides. — NOCl ;* VOCl. The first of 
these bodies has the molecular weight given by the formula. It 
is prepared (1) by passing a mixture of nitric peroxide and chlorine 
through a red-hot tube. The nitric peroxide is doubtless dis- 
sociated into nitric oxide and oxygen, and the former combines 
with the chlorine. It is also produced by direct combination of 
nitric oxide with chlorine at a red heat. (2) By the action of salt 
(NaCl) on hydrogen nitrosyl sulphate, H(N 0 )S 04 , produced by 
♦ Chem, 80 c., 27, 630 ; 49, 222. 
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saturating strong sulphuric acid with and NO, thus: 

H(N0)S04 + NaCl = HNaS04 -f- NOOl. ( 3 ) Along with free 
chlorine, by heating a mixture of hydrochloric and nitric acids, 
thiite : — 3HC1 + HNO3 = 2H2O -h NOGl -h Ch ; and probably by 
the action of hydrogen chloride on nitrogen tetroxide, which may 
be regarded as nitrate of nitrosyl, N0(N03), thus : — 

HCl 4 - ^^^0(N03) = NOCl 4 HNO3. 

A mixture of nitric and hydrochloric acids has been long known 
under th^name ^^aqua regia.^’ Owing to the nascent chlorine, it 
has the property of dissolving gold and platinum, converting them 
into chlorides. It is a powerful oxidising agent, the chlorine re- 
acting with water forming nascent oxygen and hydrogen chloride. 

The corresponding vanadosyl chloride, VO Cl, is a brown 
powder formed by heating the trichloride, VOCI 3 , to redness in a 
current of hydrogen. At the same time the compound V2O2CI is 
formed as a heavy shining powder like mosaic gold, and also the 
oxide V2O2 or VO. With vanadium we have thus the series, 
VOCI 3 , VOCI2, VOCl, and V2O2CI. 

Nitric oxide and vanadium dioxide, NO and V2O2. The 
first of. those is often erroneously named nitrogen dioxide. Its 
formula, however, even at — lOO'^, is NO, as shown by its vapour- 
density. No tendency towards increased density has been noticed ; 
the gas contracts pari passu with hydrogen. The molecular weight 
of the vanadium compound is unknown, but as it is derived from 
V20,C1, it is possibly V2O2. 

Nitric oxide is produced in an impure state by the action of 
nitric acid on certain metals. It is probable that the normal action 
of nitric acid is similar to that of other acids ; that a nitrate is 
produced with liberation of hydrogen. But nascent hydrogen 
(/'.e., hydrogen in the state of being liberated, when it consists in 
all probability of single uncombined atoms) cannot exist in 
presence of nitric acid, but deprives it of oxygen. In theory, the 
following reactions are possible : — 

2HNO3 4 M" = M(N03)2 4 2 H. 

N2O6 4 2 H: = N2O4 4 H2O; N2O5 4 4 H = N2O3 4 2H2O; 
N2O3 4 dH = 2 NO 4 3H2O ; N2O5 4 8 H = N2O 4 4H2O ; 
N2O6 4 lOH = N2 4 5H2O; N2O5 4 16 H = 2NH3 4 SHaO. 

The conditions determining the prevalence of any one of these 
reactions are temperature, presence of water, and of the products of 
reaction. But the oxides of nitrogen produced may themselves 
react with water or with nitric acid. For example, if N204 be 
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liberated in presence of water, the reaction described on p. 337 
will take place, and a mixture of nitric oxide and nitric acid will 
be produced. But some peroxide may escape along with nitric 
oxide. The gases JV'O, ^2 0, and nitrogen, not being affectedT by 
water, will be liberated as such, if formed. 

Nitric acid diluted with its own yolume of water, acts on 
copper at 15° and on aluminium at 60 — 65®, producing a mixture 
containing 98 and 97 per cent, respectively of nitric oxide, along 
with a small amount of -nitrous oxide and nitrogen. With silver, 
acid of the same strength at 15® gives 31 per cent of nitric oxide 
and 60 per cent, of nitrous oxide, N2O, while iron with nitric acid 
of any dilution, gives chiefly nitric oxide (from 86 to 91 per cent.)."* 

The action of nitric acid on copper therefore forms the most 
convenient method of preparing nitric oxide. The equation is : — 
•3Cu -f SHNOa.Aq = 3Cu(N03)2.Aq + 4H2O -f- 2N0. To prepare 
the pure compound, this gas is passed through a strong cold solu- 
tion of ferrous sulphate, EeSOi, with which nitric oxide combinesf 
(see p. 428). On warming the solution, the compound is decom- 
posed, and pure nitric oxide is liberated. It is a colourless, nearly 
insoluble gas, which, when mixed with air or oxygen, gives red 
fumes of nitric peroxide. It condenses to a colourless liquid at 
— 11® under a pressure of 104 atmospheres. Under normal 
pressure, it boils at — 153*6®, and begins to solidify when the 
pressure is reduced to 138 mms. at —167®. It does not support 
combustion, but like other gases containing oxygen, it is 
decomposed at a high temperature, and thus glowing charcoal 
or phosphorus burn in it. With the vapour of carbon disulphide 
it forms a mixture which, when set on fire, burns rapidly with a 
brilliant blue-white flame. When mixed with hydrogen, it can 
be exploded by a powerful spark. 

The corresponding oxide of vanadium, V2O2, may be formed 
by the action of potassium on a higher oxide of vanadium, and 
used to be considered to be metallic vanadium. It is also pro- 
duced when a mixture of vanadyl trichloride, VO CI3, and hydrogen 
are passed through a tube full of red-hot charcoal. It is a light- 
grey powder with metallic lustre, difficult of fusion, and insoluble 
in water and acids. When heated in air, it burns to higher oxides. 

It may be produced in solution by reducing a solution of 
vanadium pentoxide in sulphuric acid by means of zinc. Such a 
solution has a lavender colour, and is one of the most powerful 
reducing agents known. 

• Chem. 80 c,, 28, 828 ; 82, 62. 

t Compt. rend,; 89, 410. 
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Nitrogen sulphide and selenide, NS and NSe— The first 
is produced by the action of ammonia on sulphur chloride dissolved 
in carbon disulphide, thus : — 8NH3 d- 882012= 6NH4CI -f 2NS -h 
4 A; the ammonium chloride, being insoluble in carbon disulphide, 
is removed by filtration, and the carbon disulphide on evaporation 
deposits nitrogen sulphide in yellow rhombic prisms. The corre- 
sponding selenium compound, produced, however, from selenium 
tetrachloride, is an amorphous, orange-coloured, insoluble substance. 
Both of these bodies explode by percussion. 

When mixed with chloroform and treated with chlorine, sulphur- 
yellow crystals of the formula NSCl are deposited, analogous to 
nitrosyl chloride, NOCl. A second chloride (NS)3C1 is also formed ; 
it deposits in copper- coloured needles. 

Nitroso-sulphides. — A curious set of compounds of nitric 
oxide with sulphide of iron and of a metal has been produced* 
by dropping a solution of ferric chloride into a mixture of solutions 
of potassium nitrite and ammonium sulphide, when black crystals of 
Fe3S*(NO)4.H2S are deposited. When the solution of these crystals 
is heated with caustic soda, they yield large black crystals of the 
compound Fe2S3(NO)2.3Na2S; and with an acid, a black precipitate 
of “ nitrososulphide of iron,^' Fe2S3(NO)2 separates. The first 
compound, heated to 100° with sodium sulphide, deposits red prisms 
of the body Fe2S3(N0)2.N6i2S,H20. 

The constitution of these bodies is unknown ; but they appear 
to be related to the nitroferricyanides (see p. 566). It is sug- 
gested that a corresponding amido-compound has the formula 
Fe(N02).SNH2, and the last nitroso- sulphide may be analogously 
represented Fe(SNa).SNO. 

Nitrous oxide, is produced (1) by the action of metals 
on nitric acid. Zinc and pure nitric acid at 15° yield a mixture 
consisting of 1 per cent, of nitric oxide, 78 per cent, of nitrous 
oxide, and 21 per cent, of nitrogen. Nickel and cobalt, too, with 
acid diluted with its own volume of water, yield a mixture contain- 
ing about 80 per cent. ; and tin, at ordinary temperatures, furnishes 
a mixture containing from 67 to 85 per cent., with acids of all con- 
centrations. (2) The simplest method of preparation is to heat 
ammonium nitrate to above 185°, when it decomposes like the nitrite, 
thus : — NH^NO? = N 2 O -h ^HzO. (3) Nitrous oxide is also formed 
by the action of an acid or an hyponi trite (see below). 


* Berichte^ 15 , 2600 . 
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Nitrous oxide, or hyponitrous anhydride, as it is sometimes 
named, is a colourless gas, possessing a faint sweetish smell and 
taste. It is somewhat soluble in water, and is best collected over 
hot water, or by downward displacement. When exposed to^^* 
sudden shock, as, for instance, the detonation of a fulminate, it 
explodes into its constituents ; this is a property common to bodies 
produced with absorption of heat. It is condensed by pressure to a 
liquid, boiling at —88® to —92®, and when the liquid is evaporated 
by a current of air some of it freezes to a white solid, melting at 
—99®. Its most striking property is its action on the ^nervous 
system when breathed, which has gained for it the name “ laughing- 
gas.” When pure, it produces insensibility, and is used as an 
anaesthetic in minor surgical operations and in dentistry ; but when 
diluted with air it causes excitement and intoxication. It easily 
decomposes when heated, hence a candle burning brightly con- 
tinues to burn more brightly in the gas. But if the candle is 
bximing feebly it is extinguished. 

Compounds with oxides. — Hyponitrites.* — A solution of 
potassium nitrate or nitrite, exposed to nascent hydrogen generated 
from sodium amalgam (an alloy of sodium and mercury) loses oxygen, 
and potassium hyponi trite, KNO, is produced, about 16 per cent, 
of the nitrate or nitrite suffering change. The same compound is 
formed by fusing iron filings with potassium nitrate. The sodium 
salt forms white, needle-shaped crystals, and has the formula 
NaNO.SH^O. With silver nitrate, in presence of acetic acid, the 
silver salt is precipitated ; it is a pale yellow body, of the formula 
AgNO. On addition of hydrochloric acid to the silver salt sus- 
pended in water, the acid, presumably HNO, is liberated. It 
reduces potassium permanganate; and on standing, decomposes 
into water and nitrous oxide. No other salts have been analysed ; 
but a solution of the sodium salt gives precipitates with solubl 
Balts of most metals, almost all of which are insoluble in acetic acic 

We have thus a series of oxides and acids of nitrogen, vanadiun 
niobium, and tantalum : — 


NjO, nitrous oxide or hyponitrous anhydride. 
NOj nitric oxide. 

N 2 O 3 , nitrogen trioxide or nitrous anhydride. 
N 2 O 4 , NOiy nitrogen tetroxide and peroxide, 
nitrogen pentoxide or nitric anhydride. 

1 ^ 20 ^, t nitrogen hexoxide. 


HNO acid. 

HNO 2 acid. 

HNO3 acid. 
H 2 N 4 O 11 acid. 


♦ Divers, Proc, Noe., 19, 426 j 88 , 401 j Chem, 45, 78 ; 47, 361. 
ir The hexoxide has been formed by passing sparks through a mixture of 
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Similarly : — 

VA - 

— 

VA NDA 
VA NbA 


Ta^Oj 

Ta^Og 


HVO,(?) 

H,V40,(?) 


C H3VO4 

i H 4 V 3 O, . 

LhvOs J 


N1}205.?^H20 


Ta205.nH20. 


Physical Properties. 


Mass of 1 cubic centimetre. 

Nitrogen. 

Vanadium. 

Niobium. 

Tantalum. 

Monoxides ... 

. . See below. 

— 



Dioxides 

. , — 

3*64 at 20° 

— 

— 

Trioxides 

.. — 

4*72 at 16° 


— 

Tetroxides .... 

.. 1*49 at 0° 

— 

— 

— 

Pentoxides . . . 

. . — 

3*5 at 20° 

4*37-4*53 

7*35—8*01 


Mass of 1 c.c. N 2 O. 

Temp. -206° -11‘6° -5*6° -2*2° +6*6° ^11*7° +19*8° +23*7°. 

Mass. 1-002 0-952 0*930 0*912 0*84^ 0*810 0*758 0*698 

NS, 2*22 at 15° j YS^, 4*7 at 21° ; VjSg, 3*0. 

HNO3, 1*552, at 15°. 2N2O3JI20, 1*642 at 18°. YOCI2, 2*88 at 13° ; 

VOCI3, 1*865 at 0°. 


Heats of Combination. 

2Y + 0 - N^O - 180K. 2iV + 30 + Aq = NgOa.Aq - 68K. 
Y + 0 = YO - 215K, iV + 20 = m - 77K. 

2YO2 = + 129K. 2N + 40 = - 26K. 

2N ^ 60 = N 3 O 5 + 131K; + Aq = 2 HN 03 .Aq -f 167K. 

N2O4 = N2O4 - 31K. NgOfi = NjOfi - 83K. 


Specific heat of gaseous N2O4 or NO2.* 


Temp 

f 2(5-5° 

; 27*7° 

r 28*9° 

r 29-0° 

r 29 2° 

r 27-6' 

166*7° 

\ 103-1° 

1 160*6° 

L 198*5° 

1253 1° 

1289*5' 

Spec, jheat 

0*747 

0-663 

0*513 

0*395 

0*319 

0*298. 


oxygen and nitrogen, cooled to —23°. From volumetric measurements the 
compound produced— a volatile crystalline powder— is declared to have the 
formula NO3 {Comptes, rend , 94, 1306). 

^ This great change is due to absorption of heat in the conversion of N2O4 
into NO2 (Compt rend., 04, 237). 
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CHAPTEE XXIII. 

OXIDES, SULPHIDES, SELENIDES, AND TELLURIDES OF ELEMENTS OP THE 
PHOSPHORUS GROUP. — CONSTITUTION OF PHOSPHORIC ACID, ETC. — THE 
PHOSPHATES, ARSENATES, ANTIMONATES, SULPHOPHOSPHATES, SULPH- 
ARSENATES, AND SULPHANTIMONATES ; PYROPHOSPHATES, METAPHOS- 
PHATES, AND ANALOGOUS COMPOUNDS. 

»xides, Sulphides, Selenides, and Tellurides of 
Phosphorus, Arsenic, Antimony, and Bismuth. 

List of Oxides, Sulphides, Selenides, and Tellurides, 


P40. 

— 

— 

— 

P4S3. 

— 

— 


— 


— 

BisOg. 

— 

A.S2S2. 


BisSs. 

P406. 

As40e. 

Sb408. 

Bi40g. 

— 

AS2S3. 

Sb2S3. 

BisSa 

P204. 

— 

Sb204. 

BkO,. 

P2S4. 

— 

— 

— 

P203. 

A82O4. 

Sb20g. 

Bi 20 s. 

P2S5. 

AssSg. 

Sb 2 S 5 . 

— 


Selenides and tellurides. — F2Se5 ; AsSeS2 ; As2Te2 ; As2Te3 ; Sb2Se3 ; 
SbTe I Sl)2Te3 j Si2Se3 j Si3Te j Si3Te2 , Bi2Te3, 

Sources. — Pentoxide of phosphorus occurs in combination 
with oxides of metals, especially calcium and aluminium, as apatite, 
phosphorite, wavelUte, &c. Arsenious oxide, AsiOg, is found as 
arsenite, or arsenic bloom ; and Sb405 as antimony bloom in trimetric 
prisms, and as senarmontite in regular octahedra. The oxide, Sb204, 
is named antimony ochre. 

The sulphides As2S2 (realgar) AS2S3 (orpiment), Sb2S3 (stihnite), 
and Bi2S3 (bismuthine) also occur native ; as well as in combination 
with many other sulphides. 

Preparation.— 1 . By direct union. — ^When phosphorus is 
burned in excess of air or oxygen, the pentoxide is formed. 
Arsenic and bismuth bum to trioxides j and antimony to trioxide 
and tetroxide. In a limited supply of air, and at moderately high 
temperature, phosphorus gives P4O, P2O4, and P2O5 ; by careful 
regulation of air a considerable amount of P4O6 is produced, even 
as much as 60 .per cent., the other oxide being mainly P2O6. 

The process of preparing phosphorus pentoxide is to drop pieces of dry 
phosphorus through a tube passing through a cork closing the neck of a glass 
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balloon, while a current of air, dried by passing through a U-tiihe filled with 
pumice-stone moistened with sulphuric acid, is blown in. The fumes are 



Fia. 40. 


condensed partly in the balloon, partly in the bottle communicating with it by 
a wide-mouthed tube. 

By the glowing of phosphorus in dry air the pentoxide is the only product. 

Arsenious oxide, AS 4 O 6 , is usually produced by condensing 
in brick chambers the fumes resulting from the roasting in muffles 
of arsenical ores of tin, cobalt, and nickel, or arsenical pyrites. To 
purify it, the condensed product is sublimed in cast-iron pots. 

By limiting the supply of air, antimony burns to SbiOe, but< 
with free access of air, to Sb304. 

The sulphides, selenides, and tellurides of all these elements are 
produced by direct union. 

2. By decomposition of other oxides. — Phosphorus tetr- 
oxide, P204,^ IS produced by distilling in a vacuum the product of 
the combustion of phosphorus in a slow current of air. Bright 
orthorhombic crystals sublime, of the formula P2O4, arising from 
the decomposition of the phosphorous oxide, thus : — 

7P4O6 = IOP2O4 + 2P4O. 

Arsenic pentoxide loses oxygen, forming trioxide at a dull red 
heat ; antimony pentoxide yields tetroxide at temperatures above 
275° ; and bismuth pentoxide, heated to 250°, is converted into 


♦ Chem. Soc,^ 49, 833, 
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tetroxide, and over 305® into trioxide. iRo known rise of tempera- 
ture, ho we vet* great, deprives phosphorus peiitoxide of oxygen. 

3. By oxidation in the wet way.— This method in reality 

yields hydrates or acids. The usual oxidising agents are a 
ture of nitric and hydrochloric acids {aqua regia^ see p. 341), or 
cAustic potash and chlorine or bromine. Water cannot be expelled 
by heat from phosphoric acid, P 2 O 5 .H 2 O = HPO 3 ; but arsenic 
acid, AS 2 O 5 .H 2 O, is dehydrated at a dull red heat, antimonic acid, 
Sb 206 .H 20 , by heating not above 275°, and hydrated bismuth 
pentoxide at 120 °. • 

4. By decomposition of compounds. — The hydrates, as 
remarked above, lose water; and the nitrates and sulphates of 
antimony and bismuth decompose, when strongly heated, leaving 
trioxides. Phosphoryl chloride, POCI3, when heated with metallic 
zinc, yields zinc chloride and tetraphosphoriis oxide, P 4 O ; and the 
same body is formed by heating phosphoryl chloride with phos- 
phorus, thus : — 

POCI 3 4- P 4 = PCI 3 -f P 4 O. 

5. By double decomposition. — As a rule, this process yields 

the hydroxides or acids, for example : PCI 3 4 - = H3PO3 4 * 

3HC1 ; POCI 3 4- 3 H 2 O = H 3 PO 4 + 3HC1 ; 2SbO01 4- 2 KOH.Aq 
=i= Sb 203 .Aq 4- 2KCl.Aq -h H 2 O; 2 BiC ]3 4* 6 KOH.Aq = 
Bi 203 .H 20 4- 6 KClAq 4- 2 H 2 O ; and, with the exception of the 
compounds of phosphorus, these yield oxides when heated. It 
forms, however, the usual method of preparing the sulphides, 
excepting those of phosphorus : e.g,, 2 AsCl 3 .Aq 4- SH 2 S = AS 2 S 3 
4 * 6 HCl.Aq ; 2 SbCl 3 .Aq + dH^S = Sb 2 S 3 -f GHCl.Aq, &o. 

Properties. — P 4 O is a light red or orange powder resembling 
red phosphorus, for which it was formerly taken ; when prepared 
by oxidation of phosphorus, it possesses reducing properties ; but 
when by depriving POCI 3 of chlorine, it does not reduce salts of 
mercury, silver, or gold. 

Phosphorous oxide or anhydride, P406^ forms feathery 
crystals, melting at 22*6®, and boiling at 173*3°. It is decomposed 
by heat thus : — 

2P4O6 — 3P2O4 4“ P2* 

It is slowly attacked by cold water, with formation of phosphorous 
acid, H3PO3, and immediately and with violence by hot water. It 
is luminous in the dark in presence of oxygen at a less pressure 
than that of the air ; and when heated gently in air, it burns to 
P2O6. It also burns in chlorine, forming POCI3 and PO2OI. 

The tetroxide forms orthorhombic crystals. It is soluble in 



OXIDES OF ARSENIC AND ANTIMONY. 


349 


water, giving a mixture of pliosplioroue and pbosphorio acids, 
thus : — P2O4 -f 3H2O = H3PO4 H- H3PO3. It is, therefore, sup- 
posed to have the formula P2O4 or P0(P03) ; it would then be 
r^med phosphorjl metaphosphate. But of this there is no other 
proof. 

The pentoxide or phosphoric anhydride is a snow-white 
powder, volatile below redness. It has a great tendency to com- 
bine with water, and is, therefore, used as a dehydrating agent, 
e.g., in the preparation of nitrogen pentoxide and sulphur tri- 
oxide. • When heated with carbon, it yields carbon monoxide and 
phosphorus. 

Arsenions oxide or anhydride, sometimes called arsenic 
trioxide, exists in three forms. When condensed at high tem- 
peratures, it is an amorphous porcelain- like mass ; its specific 
gravity is then 3*74. When cooled quickly, or when it crystallises 
Irom solution, it forms colourless regular octahedra, the specific 
gravity of which is nearly the same, viz., 3*70. But when crys- 
tallised at low temperatures, or when it separates from its saturated 
solution in caustic potash, it forms rhombic crystals of the specific 
gravity 4*25. 

Arsenious oxide is sparingly soluble in water (vitreous, 4 in 
100 ; crystalline, 1*2 or 1*3 parts in 100 of water). It does not 
combine with water, but crystallises out from its solution in the 
anhydrous state. It is sparingly soluble in alcohol. Its vapour- 
density at a white heat corresponds to the formula AS4O6.'’'' It 
sublimes without fusion, but when heated under pressure it can be 
fused. 

It is both an oxidising and a reducing agent, tending with 
certain oxides — nitric acid, chromic acid, &c., to remove their 
oxygen, while it is itself reduced by carbon, phosphorus, sodium, &c. 
It is exceedingly poisonous ; less than 0*4 gram has been known to 
cause death ; but by continually increasing doses, the system may 
become inured to as much as 0*2 gram at a time. The antidote is 
a mixture of hydrated ferric oxide and magnesium chloride, pro- 
duced by adding magnesium oxide or carbonate in excess to tri- 
chloride of iron ; such a mixture forms an insoluble arsenite of 
iron, while the magnesium chloride and oxide act as a purgative. 

Arsenic pentoxide is a white mass, dissolving in water to 
produce arsenic acid. It is poisonous, but is not so deadly as the 
trioxide. 

Antimonions oxide is found native in trimetric prisms as 
antimony ‘bloom, and in regular octahedra as senarmontile. It is a 

* Berichte, 12 , 1112 , 
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wliite powder, turning yellow when heated, hut white again oir 
cooling. It melts at a red heat, and volatilises at 1550°. Its 
vapour-density points to the formula Sb406, like arsenious oxide.* 
It is insoluble in, and does not combine with water. One of tl)^ 
best solvents is a solution of tartrate of hydrogen and potassium 
{cream of tartar) HKC4H406.Aq ; it forms the potassium salt of 
the acid Sb(0H)C4H406, a substituted antimonious acid. 

Antimony tetroxide, Sb204, also occurs native as antimony 
ochre. It is a white powder when cold, and yellow when hot. It 
bas not been melted or volatilised. It is possibly metantilnonate 
of antimony], Sb0(Sb03). 

The pentoxido, Sb205, is an insoluble lemon-coloured powder. 

Sismutb dioxide, Ci202, is a black crystalline powder, ob- 
tained by the reduction with tin dichloride of the trioxide sus- 
pended in alkali ; it must be dried out of contact with air. On 
treatment with acid, it gives a salt of the oxide BiaOs, and a pre- 
cipitate of metallic bismuth. It oxidises at 180°. 

The trioxide, Bi203, is a yellow- white solid, which crystallises 
from fused potassium hydroxide. No compound with an oxide is 
known, but it is not impossible that such a hot solution contains 
an easily decomposible bismuthite. 

The tetroxide, Bi204, is a brown-yellow solid, produced by 
treating the trioxide suspended in a cold solution of potash with 
chlorine; and the pentoxide, BijO^, is a red powder, similarly 
prepared, the solution of potash being kept boiling during passage 
of chlorine. The pentoxide combines with water, forming the 
hydrate Bi206.H20. 

As hydrogen sulphide has no action on a solution of a phos- 
phate, the STilpliides of phosphorus are prepared by direct 
union. There appear to be only three definite compounds.! Phos- 
phorus and sulphur may be melted together, but combination takes 
place only above 180''. Owing to the great violence of the action 
and the inflammability of phosphorus in presence of air, a large 
quantity of sand is added to the melted mixture, and the retort is 
filled with carbon dioxide. If phosphorus is in excess, the com- 
pound produced is P4S3. This substance is reddish-yellow, melts 
at ] 67°, and boils constantly about 380°. If sulphur is in excess, 
the pentasulphide, PaSs, is formed, melting at 210° and boiling at 
519°. Phosphorus and sulphur both dissolve in these compounds, 
but apparently without altering them. On heating a solution of 
the body PaS* in cal’bon disulphide, however, with sulphur, yellow 
* Berichte, 12, 1282. 

t Bull. 80 c. Chim.f 41, 433 j Comptes rend.y 102,1386. 
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crystals of compound P8S4 are deposited ; and intermediate 
indistinct crystals are said to have been obtained of the formula 

PsSu = P4 Sv2P,S4. 

^ The selenides of phosphorus are somewhat doubtful in com- 
position. The bodies P4Se, PaSe, P2Se3, and P..Se6, are said to 
have been prepared, but, except perhaps the last, they are probably 
mixtures of compounds analogous to the sulphides. Phosphorus 
and tellurium apparently mix in all proportions j no definite com- 
pounds have been isolated. 

Arsmic disulphide, As^Sa, is found native as realgar^ in mono- 
clinic prisms. It is a reddish-orange body, and may be produced 
by heating arsenic and sulphur together in the right proportions. 
The trisulphide, AS2S3, similarly produced, occurs native in 
trimetric prisms as ov'piment ; it forms translucent lemon-yellow 
crystals. Prepared by double decomposition, it is a yellow powder, 
which is easily melted and volatilised. When hydrogen sulphide 
is passed into an aqueous solution of the trioxide no precipitate is 
produced, but the solution turns yellow. The substance in solution 
is probably a hydrate and hydrosulphide ; on addition of hydro- 
chloric acid, the trisulphide, As^Ss, or more probably its compound 
with hydrogen sulphide, is thrown down. It is soluble in sola- 
tions of hydroxide or hydrosulphide of sodium or potassium, 
forming oxysulpharsenites and sulpharsenites (see below). The 
pentasulphide is an easily fusible yellow powder ; it is formed by 
direct union ; by addition of an acid to a sulpharsenate ; and by 
the action of a rapid current of hydrogen sulphide on a solution 
of arsenic acid. It is easily soluble in solutions of sulphides of 
the alkalies, forming sulph arsenates (see below). The action of 
a slow current of hydrogen sulphide on a solution of arsenic pent- 
oxide is first to reduce it, thus : — 

AS2O6. Aq + 2JB2/S = AS2O3. Aq -f 2H2O -f 2 S ; 

and then to precipitate the trisulphide.* 

Selenides of arsenic have not been prepared ; but two double 
sulph oselenides have been obtained by direct union, viz., AS2SeS2, 
and As2SSe2. They are red bodies ; the latter may be distilled 
unchanged. The tellurides, also directly prepared, have the 
forniulse AS2Te2 and ASgTes. 

Antimony trisulphide, Sb^Ss, occurs native in trimetric grey 
metallic-looking or in orange-coloured prisms, as stibnite. It can be 
prepared by direct union, or by the action of hydrogen sulphide on 
a soluble salt of antimony. The former method yields crystals } 
♦ Bunsen, Annalen^ 192^ 306^; Brauner, Chem. 80c. ^ 53, 145. 
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the latter, an orange-red powder, which, until dried, appears to be 
a hjdrosulphide ; it dries to a brown powder. * It turns grey at 
200 — 220®, and melts easily. The selenide, Sb2S63, is a greyish, 
metallic-looking solid, produced by direct union; the telluii(Jje, 
SbTe, is iron-grey ; and Sb2Te3, silver- white. The penta- 
Blllphide is not produced by direct union, but by decomposition of 
a sulphantimonate (see below) by an acid. It is a dark orange- 
coloured powder. The pentaselenide is a -brown precipitate, 
similarly prepared. 

Bismutb. trisulphide, Bi2S3, is found in nature as ^nsmuth- 
glance, or hismuthine, in rhombic crystals, with steel -grey metallic 
lustre. A body of similar appearance is prepared by direct union, 
which becomes crystalline when heated with an alkaline sulphide. 
The brown-black precipitate, obtained by passing hydrogen sulphide 
through an acid solution of bismuth nitrate or chloride, is a com- 
pound of bismuth sulphide with water and hydrogen sulphide. 
The action of hydrogen sulphide on an alkaline solution of bismuth 
trioxide is said to yield the disulphide, Bi 2 S 2 , in combination with 
water. The triselenide is a black lustrous powder, similarly pre- 
pared; and i.he telluride is indefinite. The mineral telluric bismuth, 
Bi 2 S 3 . 2 Bi 2 Te 3 , occurs native. 


Compounds with Water and Oxides ; with Hydro- 
gen Sulphide and Sulphides ; with Selenides ; 
and with Tellurides, 

The constitution of the acids derived from the pent- 
oxides, pentasulphides, &c., of phosphorus, arsenic, and 
antimony. — Phosphorus, it will be remembered, forms two 
chlorides, PCI3 and PCI5 (see p. 160). When the pentachloride is 
treated with a small quantity of water, an oxychloride, of the 
formula POCI 3 is produced (see below). The equation is : — 

PCU -b H 2 O = POCI 3 -f 2HCL 

It is probable that this oxychloride, which corresponds to those of 
vanadium, VOCI 3 , and niobium, NbOCh, and to tantalum oxy- 
fluoride, TaOPs, is in reality the decomposition product of a 
dihydroxy trichloride, P(OH) 2 Cl 3 , the reaction taking place thus : — 

PCI 5 + 2 H 2 O = P(OH)2Cl3 + 2fiCl; 
but that body beiug unstable forms an anhydride, thus : — 
P(OH)2Cl8 = H3O -f POCU 
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The action of water on phosphoryl chloride, POCI3, is to yield 
orthophosphoric acid, PO.(OH) 3 , thus: — 

POCI 3 -h 3H,0 = P 0 ( 0 H )3 -h SEOl 
W^have thus the series : — 


Cl ,C1 HO^ .Cl .Cl 

WCI ; WCI ; 0=P^C1 ; 


and 0 = 


=Pf OH. 


The density of the vapour of phosphoryl chloride, POCI 3 , shows 
it to hav^ the molecular weight corresponding to that formula ; 
and the fact that the hydrogen in orthophosphoric acid is replace- 
able in three stages by such a metal as potassium is a strong 
argument in favour of the analogy between phosphoryl chloride 
and phosphoryl hydroxide, or phosphoric acid ; such phosphates 
are : — 

P 0 ( 0 H; 30 K; P0(0H)(0K)3; and PO(OK) 3 . 

It would thus appear that phosphoric hydroxide, or the true 
orthophosphoric acid, should possess the formula P(' 0 H) 5 ; but 
of this body, the first anhydride, P 0 ( 0 H) 3 , is the one to which the 
name orthophosphoric acid is applied. 

By heating the first anhydride, P 0 ( 0 H) 3 , the elements of water 
are expelled, and the second anhydride, metaphosphoric acid, 
P 0 - 3 ( 0 Hj, is produced, thus: — 

P0(0H)3 = H,0 -h PO^COH). 


This substance is usually a monobasic acid, that is, its hydrogen is 
replaceable in one stage; hence its formula (see, however, p. 369). 
The analogous compound PO 2 CI has also been prepared. 

But intermediate between P0(0H)3 and PO.(OH), there 
exists an acid of the formula HiP^Ot, named pyrophosphoric acid. 
And corresponding to this hydroxide, Pa 03 ( 0 H) 4 , a chloride, 
P 2 O 3 CI 4 , exists, which, however, has not been gasified, inasmuch as 
it decomposes. But arguing from the relation of the chloride 
POCls to the acid P 0 ( 0 H) 3 , the analogy of pyrophosphoric acid 
to pyrophosphoryl chloride appears justified, for its hydrogen is 
replaceable in fourths. And just as in the case of the silicic acids, 
acids are derived from two molecules of the ortho-acid with loss of 


water, so here. 


0^P< 

We have therefore the series OC 

0=P< 


OH 

OH 

OH 

OH 


and 


0-P=0 

0 <^ Qg-j the second member of which has the same compo- 

0=P<0IJ 
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siti on as metaphosphoric acid, but is a poljmeride. Salts of this 
acid are called dimetaphosphates ; the acid is dibasic. Salts of the 
unknown acid, H6P4O13, are also known. Such an acid would be 
the fourth anhydride of tetraphosphoric acid, HUP4O17, also .un- 
known. And salts of the hypothetical acid, H12P10O31, are also 
known, which would be similarly derived. There are also tri-, 
tetra-, and hexa-metaphosphates, apparently corresponding to 
condensed acids. 

Such compounds can be also represented as formed by union 
of phosphoric anhydride with oxides. We have, for example, the 
series ; — 

P2O6.M2O = 2P02(0M), monometaphosphates. 

P2O5.2M2O = P203(0M)4, pyrophosphates. 

P2O6.3M2O — 2P0(0M)3, orthophosphates. 

2P2O5.2M2O = 2P204(0M)2, dimetaphosphates. 

2P2O5.3M2O = P407(0M)<5, o-phosphates. 

3P2O5.3M2O = 2P30g('0M)3, trimetaphosphates. 

4P2O5.4M2O = 2P408(0M)4, tetrametaphosp hates. 

6P2O5.6M2O = PioOi9(OM)i 2, j8-phosphates. 

6P2O5.6M2O = P60i 2(0M)6, hexametapliosphates. 

Such compounds are, as a rule, soluble in water without decom- 
position. The sodium salts like <*- and yS-, however, named “ Fleit- 
mann and Henneberg’s phosphates,” are decomposed by much hot 
water into mixtures of other salts. But the corresponding pyro- 
and meta-arsenates are converted into ortho-arsenates on treat- 
ment with water, unless they happen to be insoluble. For example, 
the ortho-arsenate, Na2HAs04, is a well-known body ; on ignition, 
it loses water and yields Na^ASgOT, corresponding to the pyro- 
phosphate, Na^PaOT ; but on treatment with water, while sodium 
pyrophosphate dissolves as such, sodium pyro-arsenate reacts with 
the water, thus: — Na4As207 + H2O = 2Na2HAs04. No ortho- 
antimonates are known except that of hydrogen, SbO(OH)3; 
some pyroantimonates and many metantimonates have been pre- 
pared, and these have the formuloe M4Sb207 and MSbOa.* The 
nydrate of bismuth, BiaOs.HgO, is analogous to a meta-acid ; it 
appears to be incapable of combination with other oxides. 

Compounds analogous to the orthophosphates have been pre- 
pared, in which the oxygen of the phosphate is partially replaced 
by sulphur, such as K3PSO3, Na^PSaO 2, and possibly Na3PS30. 
These bodies are termed thiophosphates or sulphophospbates. 
With selenium, compounds analogous to the pyrophosphates hav« 

* It is unreasonable to name compounds of the general formula M4Sb207 
metantimonates,” as is usually done. These bodies have here been named 
systematically “ pyroantimonates.” 
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been prepared, e.g.^ KiP2Se7. Orfcbothioarsenic acid, AsS(SH)3, is 
said to have been prepared ; and ortho-, pyro-, and meta-thioarsenates 
are known. Similarly, orthothioantimonates are known : but no 
pyi%- or meta-derivatives have been prepared, nor are there any 
thiobismuthates. 

Double compounds of the pentoxides, &c.; phosphates 
and similar compounds. — Ortho-acids. 

Orthophosphoric acid is formed by ihe oxidation of phos- 
]>horus with boiling nitric acid, best in presence of a little iodine; 
by treating an orthophosphate with some acid which forms an in- 
soluble compound with the metal ; and by the action of a penta- 
halide or an oxytrihalide on water. If the first method be employed, 
the first product is phosphorous acid. The nitric acid should have 
the specific gravity 1*2, and should be employed in considerable 
excess ; and at the last, stronger acid may be employed to oxidise 
the phosphorous to phosphoric acid. The second method is the one 
employed on a large scale ; calcium orthophosphate, Ca3(P04)j, is 
mixed with sulphuric acid, and the precipitated calcium sulphate 
removed by subsidence. The equation is ; — 

Ca»3(P04)a -f- 3Er2S04.Aq ~ 30aSO4 -j- 2H3P04.A.q. 

It is common to use calcined bones or apatite (see p. 358) as 
the source of calcium phosphate. The third method is the most 
convenient for preparing phosphoric acid in the laboratory, and it 
may be coupled with the preparation of hydriodic acid. Red 
phosphorus and iodine in the proportions equivalent to the formula 
ris are placed in a retort ; excess of water is added, and the mix- 
ture is distilled. Water distils over first, and then an aqueous 
solution of hydrogen iodide, while phosphoric acid remains in the 
retort. It is advisable then to evaporate the viscid residue with 
nitric acid. 

Orthophosphoric acid is also produced by dissolving phosphorus 
pentoxide in cold water, and boiling the solution of the resulting 
metaphosphoric acid ; and also by oxidation with nitric acid of 
hypophosphorous, phosphorous, and hypophosphoric acids. 

By spontaneous evaporation of its aqueous solution, it crystal- 
lises in long colourless prisms, melting at 41 *75°, and has the 
formula H3PO4. From the mother liquor of these crystals fresh 
crystals deposit on cooling, of the formula 2H3PO4.H2O ; these 
melt at about 27°, Commercial phosphoric acid is a mixture of 
these two compounds. 

The solution of phosphoric acid is very sour ; the acid may be 

2 A 2 



356 THE OXIDES, SULPHIDES, SELENIDES, AND TELLURIDES. 


heated to 160° without alteration, but at 212® it is largely con- 
verted into pyrophosphoric acid. 

By similar processes orthoarsenic acid is produced. The most 
convenient plan is to boil elementary arsenic, or arsenious oxide, vith 
nitric acid, or to pass chlorine through water with which powdered 
arsenious oxide is mixed. The solution is evaporated to dryness, 
and heated for some time to 100° ; water is then added, and on 
spontaneous evaporation the hydrated acid 2H3ASO4.H2O deposits 
in small needle-shaped crystals; and on heating to 150° ortho- 
arsenic acid, H3ASO4, remains. 

Orthoantimonic acid has been produced by treating potas- 
sium metantimonate, KSbOa, with nitric acid. It forms an in- 
soluble white precipitate. The usual product of this action, 
however, is metantimonic acid, HSbOs. 

The only corresponding sulphur compound is orthosulph- 
arsenic acid, H3ASS4, which is precipitated by addition of hydro- 
chloric acid to a solution of sodium sulpharsenate, Na3AsS4.Aq. 
Thiophosphates, on similar treatment, give off hydrogen sulphide, 
and yield phosphates. 

List of Orthophosphates and Orthoarsenates. — The follow- 
ing have been prepared : — 

Simple salts : — 

2Iil3P04.H20 j Na3P04.12H20 ; K3PO4 ; (NH4)3P04. 

2Li3As04H20j Na3As04.12H20 j K3ASO4 ; (NH4)3As04 SHsO. 

Mixed salts : — 

H2liiP04j H2NaP04.H20; H2KPO4 ; H2(NH4)P04. 

3H2LiAs04.2H20 ; H2iN’aAs04.H20, and 2H2O ; 

H2KASO4; H2(NH4)As04. 

HNa2P04.12 and 7H2O ; H(NH4)2P04. 

HNa2A804.12 and TH^O ; HK2ASO4 ; H(NH4)2A804. 

(Li,Na)3P04; HNaKP04 ; HNa(NH,)P04.4H20 ; 

Na(NH4)2P04.4H20; HNaKAs04.7H20. 

Na 3 P 04 . 2 NaP. 

These bodies are all white salts. They are prepared by the 
action of hydroxide or carbonate of lithium, sodium, or potassium, 
or of ammonia, on phosphoric or arsenic acid. The simple 
salts are produced only by the action of hydroxide, if in solution, 
for carbonic acid decomposes them, giving a carbonate and a 
phosphate or arsenate containing an atom of hydrogen. But the 
carbonates ignited with the theoretical amount of phosphoiic acid 
yield simple phosphates. The phosphates containing one and two 
atoms of hydrogen, however, cannot be made by fusion. 

Hydrogen di-lithium .phosphate has not been obtained pure. 
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On. adding hydrogen disodium phosphate to a concentrated solution 
of a soluble lithium salt, a pi’ecipitate is produced of the formula 
(Li,HP04.LiH2P04)Hj0. It is a sparingly soluble salt (1 in 
20 ^ parts of water). The other salts are easily soluble. 

Hydrogen disodium phosphate, HNa2POi.i2H.iO, is the 
ordinary commercial “phosphate of soda;” the corresponding 
arsenate is also a commercial product ; they crystallise in mono- 
cliiiic prisms. The salt HNa(NH4)P04.4H20 is known as “ micro- 
cosmic salt,” because it occurs in urine ; the human organism 
used to 18 e known as the “ microcosm.” It is used as a blowpipe 
reagent (see Metaphosphoric Acid). 

The following thiophosphates are similar in composition : — * 

NaaPOgS I 2 H 2 O ; NaaPOsSs.llHsO ; (NH4i3P02S2.2H20. 

Salts of potassium have been obtained in solution; and also 
sodium tritliiophosphate, Na^POSs. These bodies are produced 
by the action of sodium hydroxide on powdered phosphorus penta- 
sulphide. They are unstable, especially the trithiophosphate, 
which decomposes when the solution is heated to 50 ° ; a tempera- 
ture of 90 ° destroys the di thiophosphates, and they are precipitated 
by addition of alcohol to their aqueous solutions. They resemble 
the phosphates in appearance. 

Analogous oxythioarsenates have been made by dissolving 
arsenious oxide m a solution of sodium sulphide. They are 
separated by fractional crystallisation. Their formulro are : — 

Na^AsOjS I2H2O ; Na2HAs04S 8H2O ; and NasAsOgS 2H2O. 

Analogous to these are the thioarsenates, 2Na3AsS4.i5H.iO ; 
K3ASS4 ; (NH4)3AsS 4 ; and Na3(NH4)3(AsS4)2. They are pro- 
duced along with pyro- and me fca- thioarsenates by digesting arsenic 
pentasulphide, ASaSs, with alkaline sulphides, and evaporating 
the solution until crystals separate ; or by dissolving arsenic tri- 
sulphide, AS2S3, in the solution of a polysulphide. They may also 
be produced by fusion. If arsenic pentasulphide be dissolved in 
solution of sodium or potassium hydroxide, a mixture of arsenate 
and thioarsenate is produced. They form yellowish crystals, and 
are very soluble in water. The solution of arsenic sulphide in 
ammonium polysulphide, a process used in qualitative analysis in 
order to separate sulphide of arsenic from sulphides of copper, lead, 
bismuth, mercury, and cadmium, depends on the formation of 
these bodies. The sulphides of antimony and of tin form similar 
compounds, and may be separated iu the same manner from sub 
phides of lead, copper, &c. 

• J, praktn Chem, ( 2 ), 81 , 93 . 
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The thioantimonates maybe classed with the preceding salts. 

The following are known : — 

Na3SbS4.9H20 ; 2K3SbS4.9H20. 

They are prepared by boiling a mixture of caustic alkali, ^sul- 
phur, and antimony trisulphide; they form yellowish crystals. 
The sodium salt has been long known as “ Schlippe’s salt.” The 
compound Na3SbSe4.9H20 forms orange-red tetrahedra ; it is pro- 
duced by fusing together sodium carbonate, antimony triselenide, 
sulphur, and carbon. Trisodium trithioseleno-antimonato, 

NaaSbSsSe.OH^O, 

is formed by boiling the tetrathioantimonate with selenium. It 
forms yellow crystals. 

Simple salts : — 

r Be3(P04)2.7H20 ; Ca3(P04)2 j Ba3(P04\ H 2 O. 

L 0a3^Aks04^2 } Ba3(A.s04)2* 

Mixed salts ; — 

r H 0 aP 04 . 4 , 3 , and 2 H 2 O ; HSrP 04 ; 

I HCaAs04 ; HSr ASO 4 ; 

Ca3(P04)2 2 CaHP 04 ; Ba 3 (P 04 ) 2 . 2 BaHP 04 . 

fCa(H2P04)2; Ba(H2P04)2j 

I — Ba ( 112 ^. 304)2 j 

rLiCaP04; KCaP04; NaSrP04; KSrP04 ; NaBaP04 ; 

L KBaP 04 ; NaSrAs 04 ; 2 NH 4 CaAs 04 H 2 O, also of Ba ; 

H 2 (NH 4 ) 2 Ca(As 04)2 ; also of Ba. 

3Ca3(P04)2.CaP2 {apatite) ; 3Ca3(P04)2.CaCl2 {apatite). 

7{Ca(H2P04)2}CaCl2.14H20; 4{Ca(H2P04)2}CaCl2.8H20 ; 

Ca(H 2 P 04)2 CaCl2 HoO. 

The simple salts are produced by addition of the chloride of 
the metal to trisodium phosphate or arsenate. They are inso- 
luble white powders. The salts containing an atom of hydrogen 
are also insoluble, and are similarly precipitated with hydrogen 
disodium phosphate or arsenate. By boiling with water these are 
decomposed, giving the insoluble simple phosphate, while tht 
soluble salt containing one atom of hydrogen goes into solution, 
The simple salt may also be precipitated by addition of excess ol 
ammonia, or of caustic soda or potash, to the mono- or di-hydrogen 
salts. These compounds are soluble in acids, the soluble di-hydric 
salts being formed ; but are reprecipitatcd as simple salts on addi 
tion of alkaline hydroxide. 

Calcium phosphate is the chief mineral constituent of bones 
bone-ash, or calcined bones, contains about 93 per cent, oi 
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Ca3(P04)2. It is also widely distributed in soil. When found 
native in combination with calcium chloride or fluoride, it is 
known as phosphorite, or apatite (see above) ; the chlorine and 
fli^orine are mutually replaceable. Goprolites consist of the remains 
of the excreta of extinct animals, and are found in the Lias. They 
contain from 80 to 90 per cent, of phosphates. These bodies are 
largely used for artificial manure. 

To render the tncalciura phosphate soluble, so that its phosphorus may bo 
easily assimilated by plants, it is treated with sulphuric acid in sufficient amount 
to convert it into monocalcium phosphate, thus: — Ca 3 (P 04)2 + 2 H 2 SO 1 = 
Ca(H 2 P 04)2 + 2 CaS 04 . 

The mixture of monocaleium phosphate and siilpliate is applied to the soil, 
usually mixed with organic matter containing nitrogen. The old plan of allow- 
ing land periodically to lie fallow had the effect of promoting a similar decom- 
position by aid of the carbon dioxide of the air. It appears that one part of 
tricalcium phosphate dissolves as monocalcium phosphate in from 12,00(1 to 
100,000 parts of water saturated with carbon dioxide. At the same time the 
carbon dioxide decomposes silicates, rendering their potash available for the use 
of plants j and nitrogen in the form of ammonia collects on the soil, being 
brought down by rain. In the modern system of agriculture, artificial manure 
is applied to the soil, containing these substances in a soluble form ; the phos- 
phorus as monocaleium phosphate, the potash as chloride or carbonate, and the 
nitrogen as salts of ammonia, or as sodium nitrate ; or in the form of animal 
matter, from which ammonia is formed by putrefaction, such as manure, guano, 
dried blood, &c. 

Calcium arsenate, CaHA.s04, is found native hB pharmacoUte. 

The double phosphates and arsenates are produced by mixture. 
A arsenato-chloride, corresponding to apatite, has been produced 
artificially. 

The monothiophosphates of calcium, strontium, and barium 
are all insolu]}le white precipitates ; the dithiophcsphates of 
strontium and barium, and the trithiophosphate of barium, are 
also insoluble. 

Thioarsenates of beryllium and of strontium have been pre- 
pared, but not analysed ; those of calcium and barium have the 
formulae Ca3(AsS4)2, and Ba3(AsS4)2; they are insoluble yellow 
precipitates, produced by adding alcohol to the product of the 
action of hydrogen sulphide on HBaAsOi. The resulting thio- 
arsenate, HBa(A8S4), decomposes thus: — 

BHBaAsSi.Aq = Ba3(AsS4)2 -f- BaAsSa.Aq •+• II2S ; 

the metathioarsenate remains dissolved. The corresponding thio- 
antimonate, Ba3(SbS4)2, has also been obtained from the corre- 
sponding sodium salt by precipitation. 
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Simple salts : — 

MgraCPOOji Zn,(P04)j.5H40 ; Cd 3 (P 04)2 ; 

lIgr3(AB04)j i Zn3(A804)2.3H20i Cd2(A804)2.3H20 J 

Mixed salts : — 

HMfirP04 7H2O ; HZnP04.H20 ; Zn(H2P04)2.2H20. 

HMfirAs04.7H20 ; HZnAs 04 ; H 2 Cdji(As 04)4 4 H 2 O. 

NaMgrP04; KMg'P04 ; H2(NH4)2Mg(P04)2 SH^O ; 

NH4MgrP04 6H2O ; NH4ZnP04.2H20. 

KMg'As 04 ; MaMg'As 04 . 6 H 20 . 

Mg'3(P04)2.MfirF2 {wagnerite) — • 

Mgr— F 

Similar arsenates have been prepared artificially. 

Trimagnesium orthophosphate is a constituent of the ash of 
seeds, especially of wheat. It and the corresponding arsenate are in- 
sol able in water. The other salts are produced by precipitation, and 
are sparingly soluble. The most important are animonium mag- 
nesium phosphate and arsenate. The former is a constituent 
of certain urinary calculi, and is formed by the puti*efaetion of 
urine, and separates in crystals. Both of these salts are very 
sparingly soluble in water (about 1 in 13,000), and are used in the 
estimation of magnesium, and of phosphoric and arsenic acids. 
They are produced by adding a solution of magnesium chloride 
and ammonium chloride, commonly called “ magnesia mixture,” 
along with ammonia, to a soluble phosphate or arsenate. On igni- 
tion they leave a residue of pyrophosphate or pyroarsenate. 

Thioarsenates of magnesium, zinc, and cadmium have also been 
prepared ; they are soluble crystalline salts 

BPO4 ; 2YPO4.5H2O {xenotime) ; LaP04. 

— YASO4 — 

Boron phosphate is an insoluble white substance produced by 
heating boron hydrate with orthophosphoric acid. Yttrium phos- 
phate and arsenate and lanthanum phosphate are white gelatinous 
precipitates produced by double decomposition. Yttrium phos- 
phate occurs native, and that of lanthanum occurs in several rare 
minerals. 

AIPO4.3 and 4H2O ; AIASO4.2H2O. 

Phosphates of aluminium and hydrogren: — A1(H2P04)3 and 
Al2H,(P04)5 H2O. 

Basic phosphates of aluminium : — 6AIPO4 AI2O3.I8H2O ; 
4AIPO4AI2O8.I2H2O ; P205.2A1,03 8, 6, and SHgO. 

Thallous phosphates ;-^Tl3P04 ; HTI2PO4.H2O j H2TIPO4. 

Aluminium phosphate, produced by precipitation, is a white 
bulky precipitate, closely resembling hydrated alumina, from which 
it is diflBcult to distinguish and to separate. The arsenate closely 
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resembles the phosphate. The compound AIPO4.4H2O occurs 
native as gibhsite ; it is also produced on boiling a solution of 
hydrogen aluminium phosphate. The first basic phosphate is pro- 
di^ed by adding ammonia to a solution of the orthophosphate in 
hydrochloric acid ; the second is wavellite. The third, with 5H3O, 
is turquoise, which owes its blue colour to a trace of copper ; with 
6H2O it peganite, and with 8H2O it forms crystals of fischerite. 

Thallic arsenate is a flocculent, insoluble precipitate; the 
thallous phosphates are nearly insoluble, and separate from dilute 
solutions in crystals. 

CrP 04 7, 6, 5, and SHgO ; PeP 04 . 

The chromic salt exists in two forms : the violet modification, 
with 7H3O, which is soluble and crystalline, and is produced by 
treating a solution of violet chromic chloride with silver phos- 
phate ; and the green modification, precipitated by addition of a 
soluble phosphate to a green chromium salt. The violet variety, 
wlien heated, changes into the green one; and the green precipi- 
tate becomes violet and crystalline on standing. Ferric phosphaio 
is a white precipitate produced in a neutral solution of a ferric salt 
by hydrogen disodium phosphate, or by exposing ferrous phosphate 
to air. Arsenates give similar precipitates with chromium and 
iron salts. 

Iron also forms the following double phosphates with hydro- 
gen 

Fe(H2P04)3 ; FeHa(P04)2; FeeH3(P04)7 ; Fe8H3(P04)9 ; and Fe4H3(P04)5. 
Also the basic phosphates — P2O5 2Fe203.12H20 (cacoxene) ; 5H2O {dufrenite 
or green iron ore) ; and I2H2O or I8H2O {delvauxite) . 

Basic ferric phosphate is also a frequent constituent of bog- 
iron ore. Manganic and cobaltic orthophosphates and arsenates 
are unknown. 

Simple salts : — 

Cr3(P04)2 (?); Fe3(P04)2.8H20 ; Mu3(P04)2 7H2O ; Co3(P04)2.8H20 ; 

Ni3(P04)2.7H20 ; Fe3(As04)2 ; Co3(As04)2.8H20 and Ni3(As04)2.8H20 
{cohalU and nick el -bloom) . 

Mixed salts : — 

Fe(H2P04)2.2H20 ; Mn(H2P04)2.2H20 ; HMnP04.3H20 j 

(NH4)Fe(P04).H20 ; (NH4)Mn(P04).H20. 

AJso tho arsenates, Co(H2As 04)2; Mn(H 2 As 04 ) 2 ; MnHAs04. 

And the minerals childrenite, a phosphate of aluminium, iron, and man- 
ganese : triphte, (Fe,Mnj3(P04)2, and triphylline, (Iii2,Mg’,Fe,Mn)3(P04)2. 

Chromous phosphate is a blue precipitate ; ferrous phosphate 
is white and insoluble ; it occurs native as vivianite or blue iron 
earth; the hydrogen manganous salts and the double ammonium 
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salts are obtained by mixture and crystallisation, e.g.^ Mn3(P04)2 -f- 
H3P04.Aq = 3HMnP04 -H Aq ; Mn3(P04)2 + (NH4)3P04.Aq = 
3NH4MnP04 + Aq. The cobalt salt is reddish-blue, and the nickel 
salt light-green. Arsenates of cobalt and nickel occur native ; 
cohalUhloom forms red, and nickel-bloom green, crystals. 

Elements of the carbon-group form no normal phosphates. 
Carbon phosphate is unknown ; titanium forms the compound 
Ti2Na(P04)3 when titanium dioxide is fused with hydrogen sodium 
ammonium phosphate (microcosmic salt) ; and sodium thorium 
phosphate, Th2Na(P04)3, is similarly prepared ; zirconium salts by 
precipitation give the basic phosphate (Zr0)3(P04)2 ; thorium 
phosphate is a white precipitate ; cerous phosphate, CeP04, occurs 
native as cryptolite smd phosphocerite ; prepared artificially, it forms 
a white precipitate. Arsenates of titanium, zirconium, and thorium 
have been prepared ; also cerous arsenate, CeAs04 (?) and sulph- 
arsenate, CeAsS4(?), which require investigation. 

SiH2(P04)2.3H20 is deposited from a solution of silica in 
phosphoric acid kept at 125° for several days. It is soluble in, 
and decomposed by contact with, water. Germanium phosphate 
has not been prepared ; a basic phosphate of tin, P205.2Sn02.10H20, 
is deposited on treatment of tin dioxide (metastannic acid) with 
phosphoric acid; this compound is insoluble in nitric acid, and is 
therefore used in separating phosphoric acid from solutions con- 
taining it. Corresponding arsenates are unknown. B;y fusing 
stannic oxide with borax and microcosmic salt, crystals of 
the formula Na2Sn(P04)2 are produced. With microcosmic 
salt alone, the body NaSll2(P04)j is formed in microscopic 
crystals. 

Stannous phosphato-chloride, Sn3(P04)2.SnCl2, is precipitated 
by adding a solution of ordinary sodium phosphate to excess oE tin 
dichloride ; but with excess of sodium phosphate the precipitate 
has the formula Sn (P04)2.2SnHP04.3H20. The arsenates, 
similarly produced, are said to have the formulae 2HSnAs04.H20 

and ®^|“>As04.H,0. 

Lead orthophosphate, Pb3(^04)2, produced by precipitation, is 
a white amorphous substance, fusible, and crystallising on cooling. 
By adding pho.sphoric acid to a dilute boiling solution of lead 
nitrate, the compound Pb(H2p04)3 is thrown down in sparkling 
white laminae. In the cold, a phosphato-nitrate, of the formula 
Pb(N03)3.Pb3(P04)3.2H20, is precipitated. It is decomposed by 
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boiling water. By employing a boiling solution of lead chloride 
and excess of sodium phosphate, the compound 

Pb3(P04)2.PbCl,.HoO 

ij| precipitated. With excess] of lead chloride the precipitate con- 
sists of 2Pb3(P04)2.PbClo (?). Pyromorphite, another phospbato- 
chloride, 3Pb3(P04)3.PbCl2, occurs native in hexagonal prisms, 
usually of a green colour. The corresponding arsenate, 

3Pb3(As04)2.PbCl3, 

is also found in nature, and is named mimetesite. Crystals in 
which arsenic and phosphorus replace each other partially are 
common. The arsenates Pb3(As04)4 and HPbAs04 have been 
produced by precipitation, and also the sulpharsenate, Pb^AsSi. 

(V0)P04.7H20 ; (V0)As04.7H20 ; (V0)2H,(P04)3.3H.0. 

These are the simpler phosphates and arsenates of elements of 
the nitrogen group. They are brilliant yellow or red crystals. It 
is to be noticed that these bodies may equally well be conceived as 
vanadates of phosphoryl and arsenyl, thus : — 

(P0)V04.VH20 ; (As 0)V04.7H20 , and (PO.OH)3(V04)2 SHaO. 

Tantalum pentoxide, dissolved in hydrochloric acid, forms a jelly 
with phosphoric acid, due probably to a combination between them. 

A curious compound of the formula 4MgHP04.N02 is produced 
by boiling magnesium pyrophosphate with strong nitric acid, and 
heating it in a paraffin-bath until it ceases to emit fumes. It is 
a crystalline whitish-yellow powder, which gives off nitric per- 
oxide when strongly heated. 

The vapour-density, and consequently the molecular weight, of 
phosphorus pentoxide is unknown. If its formula be P-^Os, it 
may perhaps be regarded as phosphoryl phosphate, (P0)P04, 
0=P~03^P=0 ; and arsenic pentoxide and the other pentoxides 
might be similarly regarded. 

Many very complicated compounds of the pentoxides with 
each other have recently been discovered. Among these are 

P20,.V205.(NH4)20.H20 ; 4P3O5.6V2O3.3K2O.2IH2O ; 

P305.20V20».69H20 ; 5As,05.8V305.27H30. 

Some also contain vanadium dioxide, for example, 

2P205.V03.18V205.7(NH4)20.50H20. 

Compounds of arsenious and arsenic oxides are also known ; 
thus : — 

2AS2O6.3AS2O4.H2O ; AS2O6.2AS2O3.H2O j and AS2O6.AS3O3.H2O. 
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They are produced by partial oxidation of arsenious oxide, 
As^Oe, by nitric acid, and are definite crystalline bodies.* The 
bismuth phosphate corresponding to the last of these, BiPOi = 
P20,.Bi,03 is produced by precipitation. The corresponding 
arsenate, BiAs04.H20 is a yellowish-white precipitate ; they may, 
however, equally well be regarded as metaphosphate and met- 
arsenate of bismuthyl, (BiO)POj and (BiO) AsO^ 

The compounds with the elements molybdenum and tungsten 
are exceedingly complicated. Molybdenum trioxide, M0O3, and 
tungsten trioxide, WOj, combine with phosphorus tri- and pent- 
oxides, and with many other oxides ; these compounds will be 
described among the oxides of molybdenum and tungsten. The only 
one to be mentioned here is ammonium phosphomolybdate, which 
is produced by adding ammonium molybdate to any warm solu- 
tion containing an orthophosphate. It is a bright yellow precipitate, 
insoluble in nitric acid, and is used as a test for phosphoric acid. 
Several compounds of uranyl, (UOo), are known. The normal salt 
has not been prepared, but double salts are known, for example, 

(U02)3(P04)o.2(U02)HP04.HoO, 

which is formed by precipitation as a light yellow powder. By 
digestion with phosphoric acid, the salts (U02)HP04, and 
(U02)(H2P04)2 are formed ; corresponding arsenates have been 
prepared. Uranyl sodium salts, (U02)NaP04 and (U02)NaAs04, 
are produced by addition of sodium phosphate in excess. The 
calcium salt, (UO,)30a(PO,)2.8H3O, is found native as uranite ; 
and a similar copper salt, (U02)2Cu(P04)2 8H2O, occurs as chalco- 
life. 

Phosphates and arsenates of the palladium and platinum 
gi‘oups of metals require investigation. No compound has been 
analysed (except HjRh(P04)2.H20), although salts of these metals 
give precipitates with phosphates and arsenates. Compounds of 
gold are unstable. 

Copper orthophosphate, Cu^(P04)2, is a blue-green precipitate ; 
or, when prepared by heating the pyrophosphate with water, 
yellowish-green crystals with 3H2O. The salt HCUPO 4 is also a 
blue-green precipitate. Many basic compounds occur native, e.g., 

P2O5.4CuO.H2O, 2H2O, and 3H2O; P2O5.5CuO.2H2O and 
3H2O ; and P2O5.6CuO.3H2O. 

The last is the most important, and is named pho8j>hocIialcite, 

* Compies rend.^ 100, 1221. 
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The arsenates, ClX3(A»04)2 and H2CU2(As04) .H^O, are green 
and blue powders respectively. 

Silver phosphate, Ag,P04, is a yellow precipitate, produced by 
adding any soluble phosphate to a solution of silver nitrate. It is 
used as a test for phosphoric acid. Hydrogen disilver phosphate, 
HAg2p04, produced by digesting the former with phosphoric acid, 
forms colourless crystals; it is at once decomposed by water into 
Ag,P04 and H3PO4. The arsenate, Ag,As04, is a red precipitate. 
It is formed by adding an arsenate to a solution of silver nitrate, 
and cautiously adding ammonia. It serves as a test for arsenic 
acid, and distinguishes it from arseuious acid. 

Mercurous phosphate, Hg4P04, and mercuric phosphate, 
Hg,(P04)4, are white crystalline powders. A phosphato-nitrate, 
Hg,P04.HgN0,.H,0, is also known. The arsenate Hg^HAsOj is 
an orange precipitate. 

Pyro- compounds. — Pyrophosphoric acid, H 4 P 2 O 7 = 
P,OaOH) 4, is produced by heating orthophosphonc acid to 215°. 
The change begins at 160°, but is not complete at 215°, for the mass 
still contains unchanged orthophosphoric acid. If a higher tem- 
perature be employed, meta phosphoric acid begins to be formed. 
Similarly, pyroarsenic acid is formed by heating the ortho-acid 
to 140 — 160°. Pyroantimonic acid, unlike the corresponding 
acids of phosphorus and arsenic, is produced by the action of 
water on the pentachloride. When SbCh is mixed with a little 
water, crystals of the formula SbCl5.4H20 are deposited. 
Addition of more water to the cold solution of this body produces 
the insoluble oxychloride, SbOClj ; on warming this antimonyl 
chloride with much water, the sparingly soluble pyroantimonic 
acid, H4Sb207.2H20 is formed. The water of crystallisation may 
be expelled at 100°. No corresponding compound of bismuth is 
known. 

These bodies may also be prepared by replacing some metal 
such as lead, in the pyro-salts, by hydrogen, by the action of 
hydrogen sulphide, thus ; — 

Pb^P^O, + 2 H 2 S + Aq = HiPaOT.Aq + 2PbS. 

The lead pyrophosphate is insoluble, and is suspended in water. 
Pyroarsenic acid, however, cannot be thus prepared, for it reacts 
with hydrogen sulphide, giving arsenic pentasulphide. But as 
pyrantimonic acid is sparingly soluble, it is precipitated on adding 
an acid to a solution of a pyroantimonate ; e.g., 

K4Sb207.Aq -f 4HCl.Aq = H4Sb207 + 4KCl.Aq. 
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On standing, even in contact with water, it loses water, changing 
to HSbOa, thus : — 

H 4 Sb 207 = 2 HSb 03 -f H^O. 

No pyrosulpho- or pyroselenio-acids are known. 

Pyrophosphoric acid is usually a soft colourless glass-like 
body ; it has, however, been obtained in opaque indistinct crystals. 
Pyroarsenic acid forms hard shining crystals ; it unites with water 
at once, giving out heat, and forming a solution of orthoarsenic 
acid. 

Fyroantimonic acid is a white powder, soluble in a large 
quantity of water, from which it is precipitated by addition of 
acids. 

Pyrophosphates, &c. — The pyrophosphates and pyroarsenates 
are produced by heating the mono-hydrogen or mono-ammonium 
orthophosphates to redness, thus : — 

2HNa2P04 = Na4Pa07 -f ; 

2NH4MgP04 = Mg,P207 + 2NH, -h 

The pyroarsenates require investigation. It is possible that on 
treatment with water dimetallic orthoarsenates are again formed, 
but this has not been proved. The pyroantimonates are produced 
by heating the metantimonates with water, or with an oxide, 
thus : — 

2MSb03 + M2O = M4Sb20„ and 2MSb03 + H^O = M2H2Sb207. 

The pyrophosphates may also be produced by action of pyro- 
phosphoric acid on oxides, hydroxides, or carbonates. 

Pyrothioarsenates are the salts usually produced by dissolving 
arsenic pentasulphide in solutions of soluble sulphides, or hydrosul- 
phides, or the trisulphide in solutions of polysulphides ; or by the 
action of hydrogen sulphide on solutions of the arsenates ; or by 
fusing the sulphides of arsenic and metal together. Many are 
insoluble, and are precipitated on addition of the sodium salt to a 
solution of a compound of the element. On treatment with 
alcohol, they are often decomposed into orthothioar senates, which 
are precipitated, while the meta-salts dissolve. 

List of Pyrophosphates, &o. 

Simple salts :~- 

Na4P2O7.10H2O ; K4P2O7.3H2O ; (NH 4 ) 4 Pa 07 .— Li4As2S; j Na4As2S7; 

K4AS2S7 f t^^ 34 } 4 AS 2 S 7 .-~ £481)207. 

Uixed salts: — 

HiNagPaO; ; Na2(NH4)2P207 5H2O ; H2KJP2O7 ; 2HK2(NH4)P207.IL,0 ; 

Na 2 K 2 P 207 . 12 H 20 j H2(NH4}..Pa07.~-H,Na2Sb207 ; HaKsSbsO;. 
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The pyrophosphates are produced by addition of a hydr- 
oxide or carbonate to the acid; many of them are precipitated 
by alcohol. They are white deliquescent salts, and they are not 
altered by boiling with water; but, on boiling with acids, they 
combine with water, forming orthophosphates. The double salts 
are produced by mixture and crystallisation. On heating dihydro- 
gen raonosodium orthophosphate, H^NaPOi, to 200^, it loses water, 
giving dihydrogen disodium pyrophosphate, thus : — 2H2NaP04 = 
H^NaiPaOt -f H2O, Potassium pyroantiraonate, K^SbsOT, is pro- 
duced by fusing the metantimonate, KSbOa, with caustic potash, 
and subsequent crystallisation from water. Dihydrogen dipotas- 
sium pyrantimonate is formed, along with potassium hydroxide, by 
warming the tetrapotassium salt with water. The corresponding 
sodium salt is very sparingly soluble in water — it is one of the 
few nearly insoluble salts of sodium — and the formation of a pre- 
cipitate in a solution free from other metals on addition of a solu- 
tion of the potassium salt indicates the presence of sodium, owing 
to the formation of HaNaaSbaOt. 

Simple salts : — 

Se2T*2^7*^^2^ > Ca 2 P 20 -. 4 H !20 ; Sr2^2Djr>iH20 ; !Ba2^2^7*^2^ > Ca2As2S- ; 
and others. 

Mixed salts : — 

Na2CaF207.4H20 ; and insoluble white pyrantimonates. 

Hydrogen pyrophosphate gives no precipitate with the 
chlorides of these metals ; but with sodium pyrophosphate 
these pyrophosphates are precipitated. The calcium salt fuses to 
a transparent glass, which may be substituted for ordinary glass 
for many purposes. 

Simple salts ; — 

M£^2^2^7 3H2O I 2ZXI2F2O7.M2O and IOH2O j Cd2F207.2M20 ; lC8r2^S2^7* 

Mixed salts : — 

Na2ZnF207, also with 4H2O ; Na^CdFgOy. 

The anhydrous magnesium pyrophosphate is left as a white 
caked mass on igniting ammonium magnesium orthophosphate, 
NH4MgP04. These anhydrous salts are soluble in sulphurous 
acid, and crystallise from the solution on evaporation. The double 
salts crystallise from solutions of oxides in sodium metaphosphate. 
The sulpharsenate of magnesium is a very soluble yellow salt, also 
soluble in alcohol. 

Pyrophosphates, &c., of the boron group of elements have not 
been prepared. 

Al4(PaO0».10H2O is a white precipitate, differing from the 



368 THE OXIDES, SULPHIDES, SELENIDES, AND TELLURIDES. 


orthophosphate by its solubility in ammonia. The salts of gallium, 
indium, and thallium have not been prepared. The double salt, 
NaAlP207, crystallises from a solution of AI2O3 in fused sodium 
raetaphosphate. 

Pyrophosphate of carbon is unknown ; titanium, zirconium, and 
tin pyrophosphates, Tip207, ZrP207, and SnP207, are prepared by 
dissolving the dioxides in fused orthophosphoric acid. 

Silicon pyrophosphate,* SiP207, crystallises in octahedra from 
a solution of silica in fused metaphosphoric acid, and lead pyro- 
phosphate, Pb2P207.H20, produced by precipitation, is a bulky 
white powder. Pb2As2S7 is also known. 

Cr4(P20;)8; Fe4(P20;)8.9H20.— 2Na4P207.Fe4(P207)3.7H20 ; 

These salts are produced by precipitation ; that of chromium 
is green, and those of iron nearly white. They are soluble in 
excess of sodium pyrophosphate, and doubtless form salts like 
the double salt of iron of which the formula is given above. Ammo- 
nium sulphide does not precipitate chromium or iron from solu- 
tions of these double salts. NaCrP207 crystallises from a solution 
of chromium sesquioxide in sodium metaphosphate. 

; MngPsOj.SHaO ; OojPsOyj Ni2P20;.6H20 ; NaNHjMnPgO^.SHaO ; 
Fe 2 Aa 2 S 7 ; Mn 2 A 82 S 7 ; and C 02 AS 2 S 7 are produced by precipitation. 

Of the nitrogen and phosphorus groups, the only pyrophos- 
phate known is that of bismuth, Bi4(P207)3, which is a white pre- 
cipitate. It crystallises from a solution of bismuth trioxide in 
fused sodium meta phosphate. But hydrogen sodium pyrophos-, 
phate dissolves antimony trioxide. The pyrophosphates of elements 
of the palladium and platinum groups have not been prepared. 

Cupric pyrophosphate, CU2P2O7.H2O, is a greenish-white 
])Owder produced by precipitation. Silver pyrophosphate, AgiPgOT, 
is a white curdy precipitate. Its formation serves to distinguish 
pyrophosphates from orthophosphates, which give a yellow pre- 
cipitate of AgsPO* with silver nitrate. A double pyrophosphate of 
gold and sodium, of the formula 2Na4P207.AU4(P207)3.H20, is 
formed by mixing gold trichloride with sodium pyrophosphate and 
evaporation ; the sodium chloride separates in crystals, leaving the 
above salt. Mercuric pyrophosphate, Hg2P207, and mercurous 
pyrophosphate, HgiP207, are white precipitates. 

It is to be noticed that while there are many double pyrophos- 
phates in which the two atoms of hydrogen of pyrophosphoric acid 
are replaced by one metal, and two by another, such as H^Na-iPaO:, 

* Comptea rend.^ 96, 1052 ; 99, 789 j 102, 1017. 
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Na^CaP.O,, &c., there are few in which the hydrogen is replaced 
in fourths. Yet instances are known, for example, NaNHiMnPgOT, 
HK^NH^P^O^, and one or two others. The conclusion is therefore 
justified that, inasmuch as such compounds are known, there are 
four atoms of hydrogen in hydrogen pyrophosphate. With the 
pyrothioarsenates and pyroantimonates, such double compounds 
are unknown : the only double salts being those of the pyroanti- 
monates of hydrogen and a metal such as H2Na2Sb207. 

Meta-compounds. — Metaphosphates, etc. — It cannot be said 
with certainty that more than one metaphosplioric acid is known, 
although, as mentioned on p. 354 , there are grounds for infer- 
ring the existence of at least five sets of metaphosphates : mono-, 
di-, tri-, tetra-, and hexa-metaphosphates, derived from condensed 
acids.* When phosphoric anhydride is dissolved in cold water, and 
the resulting solution evaporated, or when orthophosphor ic acid is 
heated above 213 ®, a transparent glassy soluble substance remains, 
the simplest formula of which is HPO3. The same body is pro- 
duced by (1) heating raicrocosmic salt to redness, when sodium 
metaphosphate is produced, thus: — HNaNH4P04 = NaPOa + H^O 
-f NH,i ; (2) dissolving this metaphosphate in water, and adding lead 
nitrate, when lead metaphosphate is formed, thus: — 2NaP03.Aq -f 
Pb(N'03)2.Aq=: 2]N"aN03.Aq -f Pb(P03)2; and ( 3 ) suspending the 
insoluble lead metaphosphate in water, and passing through the 
liquid a current of hydrogen sulphide, when lead sulphide and 
hydrogen metaphosphate are produced, thus : — Pb(P03)2 -b Aq + 
H2S = 2HP03.Aq -h PbS. On evaporating the filtered liquid 
to dryness, the same glassy soluble body is obtained. It is 
probably a hexametaphosphoric acid, for it forms salts in which 
one-sixth of the hydrogen is replaceable. 

But it has been noticed that during the preliminary stage of 
phosphorus manufacture, in evaporating orthophosphoric acid with 
charcoal or coke, and igniting the residue, the black powder of 
carbon and metaphosphoric acid gives up nothing to water; an 
insoluble variety is in fact produced. This variety differs therefore 
from the other, and is possibly monometaphosphoric acid, for that 
body gives insoluble salts. 

On boiling metaphosphoric acid with water, orthophosphoric 
acid is formed, thus : — HPOa.Aq H2O = HaPOi.Aq. The meta- 
acid, when added to a solution of albumen (white of egg) in water, 
coagulates it, producing a curdy precipitate; the silver salt is 
white, and is not produced on adding silver nitrate to a solution of 


2 B 


* See also Zeitschr.f, Chem.j 0, 122. 
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metaphosphoric acid; and it gives no yellow precipitate when 
warmed with ammoninm molybdate and nitric acid. But, after 
boiling with water, the resulting orthophosphoric acid does not 
coagulate albumen, gives a yellow precipitate of silver ortjjo- 
phosphate, AgaPOi, with silver nitrate, and a bright yellow 
precipitate with ammonium molybdate. The two acids are there- 
fore obviously distinct bodies. They are distinguished from 
pyrophosphoric acid by the fact that silver pyrophosphate is white 
and curdy. 

Metaphosphoric acid is volatile at a high temperature, but it 
does not lose water to give phosphorus pentoxide. 

Metarsenic acid^ HAsOs, is likewise produced by heating 
ortho- or pyroarsenic acid to 200 — 206°. It is a white nacreous 
substance sparingly soluble in cold water ; but its solution exhibits 
no properties differing from those of a solution of orthoarsenic 
acid, and it appears, therefore, to combine with water to form the 
latter body. The metarsenates, too, are only known as solids ; 
they may be obtained from the appropriate hydrogen or ammonium 
orthoarsenates, e.g., HNaNH4As04 = NaAsOs + -h NE^; 
but on treatment with water they combine, forming dihydrogen 
metallic ortho-arsenates. 

The metathioarsenates are produced by the action of alcohol 
on solutions of the pyrothioarsenates, thus ; — 

K4As2S7.Aq + Ale = K3ASS4 -f KAsS3.Aq.Alc. 

The orthosulpharsenate is precipitated, while the metasulph- 
arsenate remains in solution. The acid is unknown. They have 
been little investigated. 

Metantimonic acid, HSbOs, results from the spontaneous 
decomposition of 11486207 dissolved in water; it is also produced 
when the pyro-acid is heated, or when a metantimonate is treated 
with an acid. It is also formed by the action of nitric acid on 
antimony. It is a soft white sparingly soluble powder. This 
compound and its salts are usually inconsistently named “ anti- 
monic acid and “ antimonates.’’ Hydrated pentoxide of bismuth, 
Bi205.H20 (see p. 350) may be classed here. 

(a.) Hexametaphosphates. — These are the salts prepared by 
the usual methods from ordinary metaphosphoric acid : NaaPeOis ; 
(NH4)6PftOi8; Na2Ca5(PgOi8)2 ; AgePeOis ; and others. 

The sodium salt is produced by strongly igniting dihydrogen 
sodium orthophosphate until it fuses, and then rapidly cooling the 
fused mass. It is an amorphous colourless deliquescent glass, 
easily soluble in water and in alcohol. It gives gelatinous preci- 
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pitates with salts of most metals; its hexa-basic character is 
deduced from the formulae of double salts such as the one given 
above, N a2Ca5P60i8. The ammonium salt is prod uced by saturating 
ordinary metaphosphoric acid with ammonia, and evaporating. 

(6.) Tetrametaphosphates. — Lead oxide, heated with excess 
of phosphoric acid, yields large transparent prisms of an insoluble 
salt. The salt is powdered, and digested with sodium sulphide ; 
lead sulphide and sodium tetrametaphosphate are formed. It is 
diluted with much water, at»d filtered. On adding alcohol, an 
elastic ropy mass, like caoutchouc, is precipitated. Its solution in 
water gives ropy precipitates with salts of other metals. Its 
tetra-basicity is inferred from the existence of double salts such as 
Na2Cu"P40,2. 

(c.) Trimetaphosphates. — When a considerable mass of 
sodium metaphosphate is slowly cooled, the mass acquires a 
beautiful crystalline structure ; and on treatment with warm 
water the solution separates into two layers, the larger stratum 
containing the crystalline, and the smaller the ordinary vitreous, 
salt. The solution of the crystalline variety gives crystalline 
precipitates with salts of many metals, the silver salt, for example, 
depositing in crystals of the formula AgaPsOq.HjiO. The sodium 
salt deposits in large crystals of the formula NasP^Og.GHaO. Its 
tri-basicity is inferred from formulas such as ^NaBaPsOg-H^O. 
The salts of this acid uniformly crystallise well. 

{d.) Dimetaphosphates. — By heating copper oxide, CuO, 
with a slight excess of phosphoric acid to 360^^, an insoluble 
crystalline powder is formed. On digestion with sulphides of 
sodium, potassium, &c., the corresponding dimetaphosphates are 
formed, and separate in crystals on addition of alcohol. Double 
salts are produced by mixture, such as NaNH 4 p 20 h.H 20 ; 
NaKP206.H20; NaAgP^Os, &c. These salts, like the trimeta- 
phosphates, are crystalline bodies sparingly soluble in water. 

(e.) Monometaphosphates. — These bodies are insoluble in 
water. They are produced by igniting together the oxides and 
phosphoric acid in molecular proportions ; or, by adding excess of 
phosphoric acid to solutions of nitrates or sulphates, evaporating, 
and heating the residues to 350° or upwards. They are crystalline 
and anhydrous, and form no double salts ; even the salts of the 
alkalies are nearly insoluble in water. The solution of the potassium 
salt in acetic acid gives precipitates with salts of barium, lead, and 
silver. 

Metantimonates. — These salts are produced by fusing anti- 
mony or its trioxide with nitrates, or the acid HSbOs with 

2 B 2 
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carbonates ; or by double decomposition from the potassium salt, 
KSbOs.Aq. The chief compounds are : — 

liiSbOa ; 2NaSb03.YH20 ; NaSbOg.SHsO ; KSbOg ; also 2KSb03.5H20 and 

3 H 2 O; NH 4 Sb 03 . 2 H 20 ; Ca(Sb 03 ) 2 j Sr(Sb08)2.(H20; Ba(Sb03)2.5H20 ; 

Mfir(Sb03)2.12H20 j Zn(Sb03)2 ; CoCSbOgla ; Ni(Sb03)2.6H20 ; 

Sn(Sb 03 ) 2 . 2 H 20 j Pb(Sb08)2; Cu(Sb03)2 ; H8r(Sb03)2. 

All these salts, with exception of the lithium, sodium, 
potassium, and ammonium salts, are sparingly soluble in water, and 
crystalline. The compounds 2NaSb03.7H20 and 2KSb03.5 and 
3H2O are gummy, and may possibly be derived from a poly- 
metantimonic acid. When boiled with water they are decomposed, 
giving a residue of SSbaOg.KaO.lOHjO. 

“ Naples yellow ” is a basic antimonate of lead, produced by 
heating 2 parts of lead nitrate, 1 part of tartar- emetic, and 
4 parts of common salt to such a temperature that the salt fuses ; 
the mass is then treated with water, which dissolves the salt, 
leaving the “ Naples yellow ’’ in the form of a fine yellow powder. 
Another basic antimonate of lead occurs native as hleineritey 
Sb2O5.3PbO.4H2O. 

Certain complex phosphates have been prepared by fusing 
tetrasodiura pyrophosphate with metaphosphate in the proportion 
Na4P207 to 2NaP03. The product is soluble without decomposi- 
tion in a small quantity of hot water, and crystallises from the 
solution ; but it is decomposed by much water. With solutions of 
salts of the metals, it gives precipitates ; the silver salt, for example, 
has the formula Ag 8 P 40 i 3 . Another salt has been produced by 
fusing together the same constituents in the proportion Na4P207 
to SNaPOs. The resulting salt is very sparingly soluble ; the silver 
salt derived from it has the formula Ag.,P.„ 0 „. These phosphates 
go by the name of Fleitmann and Henneberg, their discoverers. 
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CHAPTER XXIV. 

OXIDES, ETC., OP ELEMENTS OF THE PHOSPHORUS GROUP. — COMPOUNDS 
OP TETROXIDES ; HYPOPHOSPHATES AND HYPOANTIMONATES. — CONSTI- 
TUTION OF PHOSPHITES, ETC. — THE PHOSPHITES, ARSENITES, AND 
ANTIMONITES, THIOARSENITES AND THIOANTIMONITES.— THE HYPO- 
PHOSPHITES. OXYHALIDES AND SULPHOHALIDES. 

Oxides, Sulphides, Selenides, and Tellurides of 
Phosphorus, Arsenic, Antiinony, and Bismuth, 
continued. 

Compounds of tetroxides. — It has been already stated that 
the oxide P 2 O 4 , when treated with water, gives a mixture of phos- 
phorous and phosphoric acids, thus : — P 2 O 4 -}- SHaO -H Aq = 
H 3 PO 4 . Aq -f HjPOa.Aq. It is therefore concluded to be a phosphite 
of phosphoryl, thus : — (POy"(POj). But a tetrabasic acid is known, 
of the formula P 2 O 4 . 2 H 2 O = P 202 ( 0 H) 4 , which forms distinct 
salts, and possesses properties differing from those of such a mix- 
ture. The sodium salt, p 202 ( 0 Na) 4 , is converted by bromine and 
water into dihydrogen disodium pyrophosphate, and, as the acid 
has no marked reducing properties, it may possibly have the con- 
stitution — 

0==P(0H)2 0=P(0H)2 

I , that of pyrophosphoric acid being >0 

0=P(0H)2 ^ 0=P(0H)2. 

H 3 n?ophosphoric acid,* as the acid P 202 ( 0 H )4 is called, is 
produced along with orthophosphoric and phosphorous acids, by 
the oxidation of phosphorus exposed to water and air. About one- 
sixteenth of the phosphorus is converted into hypophospboric acid. 
On addition of sodium carbonate, the dihydrogen disodium salt 
separates out, owing to its sparing solubility in water. To prepare 
the pure acid, the barium salt is treated with the theoretical 

• Annalerit 87 , 322 ; 194 , 23; BericAte, 10 , 749 ; Comptesrend.^ 101 , 1058 ; 
102 , 110 . 
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amount of sulphuric acid ; insoluble barium sulphate is formed, 
and the acid remains in solution. On evaporation in a vacuum, 
the acid H4P2O6.2H2O separates out in large rectangular tables, 
melting at about 62 °. On standing in a dry vacuum, tfeese 
crystals lose water, and gradually change to needles of the pure 
aoid H4P2O6. This body, at 70 °, suddenly decomposes into phos- 
phorous and metaphosphoric acids : — H4P2O6 = H3PO3 -h HPO3. 

The following salts are known : — 

Na^PaOg.lOHsO ; K4P2O6.5H2O ; (NH4)4P206.H20 ; Mg:2P206.12H20 ; 

Ca2p206.2H20 ; Ba2P20e j Pb2P206 ; and Agr4P206 ; and the double salts 

B[ 3 !NaP 20 g. 2 £[ 2 ^ J > HNa 3 P 205 . 9 H 2 ^ J H 3 Na 5 (P 20 0)2*20^20 j 

H3KP2O6 j H2K2P2O0 3H2O ; HK3P2O6.3H2O ; H 3 (NH 4 )P 206 ; 

H2(NH4)2P206; H2MfirP206.4H20 ; HaCaPaOg.eHsO ; H2BaP206.2H20. 

With lithium salts, sodium hypophosphate gives a white pre- 
cipitate. 

The tetra-metallic salts of the alkalis are easily soluble in 
water j the dihydrogen disodium salt is sparingly soluble, and is 
used to separate the acid from its mixture with phosphorous and 
orthophosphoric acid. The dibarium salt is produced by precipi- 
tation ; it is nearly insoluble in water, as are most of the other 
salts. When the salts are heated they give products of decomposi- 
tion of phosphorous acid (hydrogen phosphide and metaphosphate) 
and metaphosphate of the metal. 

The silver salt may be prepared directly by dissolving 6 grams 
of silver nitrate in 100 grams of nitric acid diluted with 100 grams 
of water, and while it is kept hot on a water-bath adding 
8 or 9 grams of phosphorus. The mixture must be cooled as soon 
as the violent evolution of gas ceases, and, on standing, tetrargentic 
hypophosphate crystallises out. The silver salt is not reduced to 
metallic silver on boiling, as is silver phosphite ; and the sodium 
salt does not reduce salts of mercury, gold, or platinum. 

No similar compounds of arsenic are known ; but antimony 
tetroxide, when fused with potassium hydroxide or carbonate, 
yields a mass from which cold water extracts excess of alkali; 
the residue, dissolved in boiling water and evaporated to dryness 
gives a yellow non-crystalline mass which has the composition 
Sb204.K20. On treatment with hydrochloric acid, it is con- 
verted into 2Sb204.K20 ; and excess of acid liberates the com- 
pound Sb204.H20. 

Compounds of trioxides and trisulphides : — Constitution 
of the acids, hydroxides, and salts derived from the trioxides 
and trisulphides of phosphorus, arsenic, antimony, and bis- 
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muth. — It will be remembered that phosphoryl chloride, POCla, 
on treatment with water, yields orthophosphoric acid, PO(OH)8, 
and it may be supposed that phosphorus trichloride, PCI3, yields 
a |imilar acid, P(OH)3. Such an acid ought to be tribasic, like 
orthophosphoric acid, and should yield three double salts, e.g.^ 
P(OH)2(ONa), P(OH)(ONa)2, and P0(0Na)3. But the last of 
these is formed only when the second is mixed with great excess of 
a strong solution of sodium hydroxide, and left for some time ; it 
is then thrown down on addition of alcohol. It appears not im- 
probable, therefore, that a change has taken place during this 

H 

time, and that the compound 0 =P<^^qjj^ has changed to 

P0(H)3. And it is also to be noticed that when water acts on phos- 
phorus trichloride, some orthophosporic acid and free phosphorus 
are formed; this might take place during the change of P(OH)3 to 
its isomeride 0=P(0H)2H. Moreover, an acid is known, named 
ethyl-phosphinic acid (produced by the oxidation of the compound" 
ethyl -phosphine), analogous to hydrogen phosphide (see p. 532 ), 
which is certainly dibasic, and in which the phosphorus is doubt- 
less in direct union with carbon. The formulae are : — 


.H /H /OH 

Pf H P^H 0 =:Pf OH . 

^H \C2H5 \C2H5 

Hydrogen phosphide. Ethyl j)hosphine. Ethyl-phosphinic acid. 

There are therefore good reasons for believing that, although 
two phosphorous acids might exist, the one known is 0=P(0H)2H, 
and not P(OH)3. The isomerism is analogous to that of the two 
nitrous acids (see p. 337 ), 0 =N — OH, and 02=N — H. The anhy- 
dride of the acid 0=P(0H)2H would be therefore not P2O3, but 
O2PH, an unknown substance. As with orthophosphoric acid pyro- 
phosphates are known, so pyrophosphites exist, e.g.^ Na4p20s. 
Such substances also find representatives among the arsenites and 
thioarsenites, all these series of salts being known, viz., MASO2, 
and MAsS 2, metarsenites and thioarsenites ; M4As20ft and M4As2Sft, 
pyroarsenites and thioarsenites; and M3ASO3 and MgAsSa, ortho- 
arsenites and thioarsenites. The corresponding metaphosphites are 
unknown. A few antimonites and sulphantimonites have also been 
prepared. 

Phosphorous acid, etc. 

£[3^03 ; H4S1>205 = SI)203.2S20 i £[381)03 == S1)203.3£[2^« 

To prepare crystalline phosphorous acid, H3PO3, a current of 
dry air is passed through phosphorus trichloride heated to 60 *^ and 
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passed into water cooled to 0 °. When the water is saturated, the 
crystals which separate are washed with ice-cold water, and dried 
in a vacuum. It is also slowly formed by union of the anhydride 
with water; or along with orthophosphoric acid by the action, of 
water on the tetroxide ; or along with phosphoric and hypophos- 
phoric acids by the oxidation of phosphorus in air, in contact 
with water. Phosphorus also abstracts oxygen from a solution of 
copper sulphate, depositing copper, thus : — 3CuS04.Aq -f 6H2O 
-h 2P = 3 H 2 S 04 .Aq -f 2 H 3 P 03 .Aq -h 3Cu. The sulphuric acid 
may be removed as barium sulphate by cautious addition of solu- 
tion of barium hydroxide. 

Pyroantimonious acid, HiSbaOc, is produced by addition of 
copper sulphate to a solution of antimony trisulphide in caustic 
potash. Copper sulphide is formed, and potassium antimonite ; 
and on addition of an acid to the filtered liquid, the antimonite is 
decomposed, pyroantimonious acid being precipitated. 

OrthoantimoniOHS acid is formed by the spontaneous de- 
composition of the peculiar compound acid of which tartar-emetic 
is the potassium salt. This acid is liberated from the barium salt 
corresponding to tartar- emetic, by the action of sulphuric acid, and 
has the formula (04H4O6)"Sb.OH, With water it yields Sb(OH)3, 
and tartaric acid, C4H4O6. Aq. From this it would appear that tartar- 
emetic is not, as hitherto supposed, a tartrate of potassium and anti- 
monyl, K(Sb0)C4H406, but a tartaro-antimonite (C4H406)"Sb.0K, 
two hydroxyl groups of antimonious acid, Sb(OH)3, being replaced 
by the dyad group (C4H4O6). 

Phosphorous acid forms deliquescent white crystals, melting 
at 74 °. When heated it decomposes into hydrogen phosphide and 
phosphate : — 

4H3PO3 = 3H3PO4 + PJT3. 

Zinc and iron dissolve in it, and the liberated gas is hydrogen 
phosphide ; this action is somewhat similar to that of nitric acid 
on certain metals, whereby ammonia is produced. It is a powerful 
reducing agent, tending to combine with oxygen to form ortho- 
phosphoric acid ; hence, when added to solutions of salts of silver, 
gold, and mercury, the metals are deposited. It also reduces 
sulphurous acid to hydrogen sulphide, thus : — 


3H3P03.Aq -h HaSOs-Aq = 3H2P04.Aq + E^S. 


The antimonious acids are white powders, insoluble in water, 
but soluble in hot solutions of hydroxides of sodium and potassium, 
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forming antimonites. The corresponding hydroxides of bismiitli 
have no acid properties. The three hydrates, Bi(OH)3, Bi20(0H)4, 
and BiO(OH), are all known. They are produced by heating 
solutions of bismuth salts with potash or ammonia. 

Phosphites. — Ns^POa is the only trimetallic phosphite known. 
It is produced by addition of a large excess of a strong solution of 
sodium hydroxide to disodium phosphite, HNa2P03.Aq, and after 
two hours adding alcohol. The trisodium salt settles down as a 
viscid syrup, which is stirred with alcohol, and finally dried in a 
vacuum over sulphuric acid. 


NaaHPOa.SHsO ; KaHPOg ; (NH 4 )H 2 P 03 .H 20 ; 2HNa(HP03).5H20 ; 

HK(HP03) ; and 2H4Na2(HP03)3H20 ; and H4K2(HPOs)3. 

These bodies form soluble crystals, and are produced by addition 
of phosphorous acid to hydroxides or carbonates. 

Ca(HP03).H20 j 2Sr(HP03).H20 ; 2Ba(HP03bH20 j andH2Ca(HP03)3.H20 ; 

Jd<2Ba (£CP03^2**^2^* 

White sparingly soluble salts. 

Mg-CHPOg) J Od(HP03) (?) ; 2Zn(HP03).5H20. 

These and an ammonium magnesium phosphite are produced by 
precipitation. They are white, crystalline, and sparingly soluble. 

Phosphites of aluminium, chromium, and iron have been pre- 
pared, but not analysed. They are sparingly soluble precipitates. 

Mn(HP02) ; Co(HP02).2H20, and Ni(HP03).3H20. 

Coloured precipitates. 

Sn(HP03) and phosphites of tin dioxide and of titanium have 
also been prepared ; they are white precipitates. Pb(HP03) is also 
white, and is formed by precipitation. It is nearly insoluble. When 
digested with ammonia, the basic phosphate, P2O3.4PbO.2H2O, is 
produced. Bismuth phosphite is a white precipitate; and copper 
phosphite, 0 u(HPO 3).2H2O, forms sparingly soluble blue crystals ; 
when boiled, metallic copper is precipitated. 

All these phosphates decompose when heated, evolving hydro- 
gen and a little hydrogen phosphide, and leaving a phosphate. 

It is stated that when the compound 2HNa(HP03).5H20 is 
heated to 160° it loses six molecules of water, forming a pyrophos- 
phite, Na2H2P205.* Data concerning the phosphites are exceed- 
ingly meagre, and the whole series of salts requires reinvestigation. 

* Comptes rend,y 106, 1400. 
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Some oxythiophosphites* have been prepared by the action of 
a solution of sodium hydroxide on phosphorus trisulphide (pre- 
sumably P4S3). Hydrogen, mixed with hydrogen phosphide, is 
evolved, and on evaporation crystals are deposited of the comppsi- 
tion Na4P203S2.6H20, analogous to a pyrophosphite. With sodium 
hydrosulphide, NaSH, hydrogen phosphide and sulphide are evolved, 
and the solution, evaporated in a vacuum, deposits crystals of 
Na4P20S4.6H20. These crystals lose hydrogen sulphide at the 
ordinary temperature, probably forming the salt previously men- 
tioned. With ammonium hydrosulphide, crystals of the formula 
(NH4)4P2S5.3H20 are deposited, which, when dried at 100° in a 
current of hydrogen sulphide lose hydrogen sulphide, giving the 
compound (NH4)4P202S3.2H20. 

From the mother liquor of these crystals the compound 
(NH4)4P203S2.2H20, analogous to the potassium salt has been 
obtained. Solutions of these salts when boiled lose hydrogen sul- 
phide, and yield phosphites. 

Arsenites and thioarsenites. — KASO2 and NH4ASO2 are 

white soluble salts, produced by dissolving arsenious oxide (AS4O6) 
in caustic potash or ammonia. They are apparently metarsenites. 
By similarly treating arsenic trisulphide with potassium sulphide, 
either by solution or by fusion, the corresponding thioarsenite, 
KASS2, is produced. It decomposes when treated with warm water. 

By adding alcohol to a solution of a large amount of arsenic 
trioxide in caustic potash, the pyroarsenite, H3KAS2O5, is produced. 
When digested with caustic potash, the salt K4AB2O6 is formed, and 
may be precipitated with alcohol. A similar ammonium salt is 
produced by direct addition, (NH4)4AS206. The sodium salts are 
all very soluble, and have not been isolated. The corresponding 
pyrothioarsenites are unknown; but orthothioarsenites of potas- 
sium and ammonium, K3ASS3 and (NH4)3AsS3, are precipitated on 
adding alcohol to a solution of arsenic tnsulphide in excess of 
colourless ammonium sulphide. 


0a{As02)2; CajAsgOj; Ca3(As03)2; Sr(As02)2; Ba(AB02)2; Ba<As206.4H20 ; 

£[ 4 Sa ( A8O3) 2 * 

These are white sparingly soluble salts, produced by addition 
of arsenious oxide to the hydroxides, or arsenites of potassium or 
ammonium to salts of the metals. 

Corresponding to these are Ca3(AsS3)2.16H20 ; Ba2As2S5 ; and 
Bfit3(AsS3)2 ; they are soluble substances precipitated by alcohol. 


* Comptes rend.y 93, 489 j 98, 45. 
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Mg3(As03)2; MgHAsOa; Mg^A&^Og; MgaASaSg; and 
are produced by double decomposition. 

Arsenites of the boron and aluminium groups have not been 
prepared. 

V^arious basic arsenites of iron are known. These are insoluble, 
and are produced by addition of a ferric salt and an alkali to 
solutions of arsenious oxide, and for this reason a mixture of ferric 
hydrate and magnesia is employed as an antidote in cases of arsenical 
poisoning. Among these are FeAs03.Fe203 ; 2FeAsO3.Fe2O3.7H2O, 
and 5H2O. 

Ferrous pyroarsenite, Fe 2 As 206 , is a greenish precipitate ; 
Mn3H6(As03)4.H20 and C03He(As03)4.H20 are rose-red precipi- 
tates ; the corresponding nickel salt, Ni3H6(As03)4.H20, is a 
greenish- white precipitate which yields Ni3(As04)2 on ignition. 
The sulpharsenites of these metals are all pyro-derivatives, viz., 
FegASaSg, MllaASaSs, COaASaSfi, and NiaASaSfi. 

Stannous and stannic arsenites and sulpharsenites have been 
prepared, but not analysed. The three lead arsenites, Pb(As02)2, 
PbaAsaOs, and Pb3(As03)2, are all white precipitates. The com- 
pound Pb(AsS2)3 is a mineral named sartorite ; PbaASaSs is 
named dufrenoysite^ and Pb3(AsS3)2, guittermannite. All these are 
crystals with metallic lustre, and occur native. 

The arsenite of hydrogen and copper, HCUABO3, is obtained 
by adding to a solution of copper sulphate a solution of potassium 
arsenite, a solution of arsenious oxide, and a small amount of 
ammonia. It is a fine green powder, and is named, from its dis- 
coverer, “ Scheele’s green.” The arsenite Cu(As 02)2 is produced 
by digesting copper carbonate with arsenious oxide and water. 

Copper sulpharsenite, CU2AS2S5, is formed by precipitation; 
and some minerals exist which appear to be compounds of copper 
sulpharsenite and sulphide, e,g,, CUiAsBi, julianite, CUsAs^Sg, bin- 
iLite, and CUgAS2S<7, tennantite. 

Silver arsenite, AgaAsOa, is a yellow precipitate produced by 
adding to silver nitrate a solution of arsenious oxide in ammonia. 
It is soluble in excess of ammonia. It serves, along with Scheele’s 
green, as a distinctive test between arsenious and arsenic oxides ; 
it will be remembered that copper arsenate is blue, and silver 
arsenate red. The corresponding sulpharsenite, AgsAsSa, occurs 
native as proustite; and the mineral xanthoconate^ AggASsSio 
appears to be a double sulpharsenite and sulpharsenate of silver. 

Only two antixuonites are known, viz., NaSb02.3H20, which 
forms octahedra, and is obtained by dissolving antimonious oxide, 
(Sb406) in caustic soda ; and an acid compound, NaSb02.2HSb02, 
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similarly prepared. The corresponding thioantimonite,* 
NaSbSa, separates on addition of alcohol to a solution of SbaSa in 
sodium hydroxide ; and (Jopper-coloured crystals of 2NaSbS2.H20 
deposit from a concentrated solution of the same substances. Many 
sulphantimonites occur native; among them are Fe(SbS2)2, 
herthierite ; Pb(SbS2)2, jamesonite ; Pb3Sb2S6, 

houlangerite; 'nieneghinite ; Pht^h^^^^geocronite; CuSbS2, 

chalcostihite ; CU2Sb4S7, guejarite; CuPbSbSa, hournonite; AggSbSa, 
jpyrargyrite ; AgSbSs, miargyrite ; Ag5SbS4, stejphanite ; AggSbSe, 
polyhasite ; and Hg(SbS2)2, living stonite. Besides these, similar com- 
pounds of bismuth are known, e.g., AgBiS2, silver bismuth glance ; 
Pb(BiS2)2, galenobismuthite ; PbaBiaS^, cosalite ; PbflBiaSg, beeger- 
ite ; CviBiS2^ emplectite ; wittichenite ; and others. These 

double sulphides of bismuth have not been made artificially ; but 
the compound KBiS2, produced by fusing bismuth with sulphur 
and sodium carbonate, forms steel-grey shining needles. 

Hypophosphites.f — Hydrogen hypophosphite, H3PO2, is a 
monobasic acid ; and it is therefore concluded that its constitution is 
somewhat analogous to that of phosphorous acid, inasmuch as it 
may be regarded as a hydroxyl-derivative of an oxidised hydrogen 
phosphide, thus, 0=P(0H)H2. It is only the hydrogen of the 
hydroxyl which can be replaced by metals. The anhydride of 
such an acid would not be the oxide P2O, but the unknown com- 
pound 0=PH2 — O — PH2=0 = H4P2O3. Such a body might be 
expected to be devoid of acid properties. 

Hypophosphorous acid, H3PO2, is produced by decomposing 
a solution of the barium salt, Ba(H2P02)2> with its equivalent of 
sulphuric acid. The dilute solution is boiled down, and finally 
evaporated at 105 °, the temperature being gradually raised to 130 °. 
It is then cooled to 0 °, and on shaking it crystallises. It melts at 
17 * 4 °. When heated, it decomposes into phosphoric acid and 
hydrogen phosphide, thus : — 

2H3PO2 = H3PO4 + PHa. 

It yields salts on neutralisation with hydroxides or oxides. 
But sodium, potassium, and barium hypophosphites are easily pre- 
pared by boiling phosphorus with their hydroxides. The hydrogen 
phosphide which is evolved is spontaneously inflammable, owing 
to its containing a trace of liquid hydride, P2H4. The reaction is ; — 

4 P + SKOH.Aq -f 3 HaO = PHa + SKHaPOa.Aq. 

• See also Ditte, Comptes rend., 102 , 168 , for pyrothioantimonites. 
t Kammelsberg, Chem. 800., 26 , 1 . 
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It is from the barium salt, thus prepared, that the acid is 
obtained. 

Hypophosphites. 

f 

LiHaPOg-HaO j NaHaPOa-HgO ; KHaPOg ; (NH4)H2P02. 

These salts are white crystalline bodies, produced as described. 
Those containing water may be rendered anhydrous at 200°. They 
decompose, when more strongly heated, as follows : — 

SNaHaPOa = NaiPaOv NaPOa + 2FH, + 2 H 2 . 

The ammonium salt undergoes a difFerent change, thus : — 

TNHiHaPOa = H4P2O7 + 2HPO3 -h H2O + 7 ]SrH^ -f SPff, + 2H2. 

Ca(Ha^Oa)2j Sr(H2P02)2*^2^ > Ba(H2P02)2‘H20. 

White soluble salts. When heated they decompose, thus : — 

TSrCHaPOa)* = SSraP^O, + Sy(PO,)2 + 6PH, + H^O -h 

Mg‘(H2P02)2.6H20 5 Zn(H2P02)2 6H2O ; and Cd(H2P02)2. 

These are also soluble crystalline salts, which can be dried at 
200°. When heated they decompose, thus : — 

5Zn(H2P02)2 = 2Zn2P207 4- Zn(P03)2 -h 4>PH, -f 4^2. 

Aluminium and chromium hypophosphites are gummy solids ; 
the ferric salt is a white sparingly soluble powder (?). 

Fe(H2P02).6H20 j Mn(H2P02)2-H20 ; Co{H2P02)2.6H20 ; Ni(H2P02)2.6H20. 

The ferrous salt has been prepared by dissolying iron in the 
acid ; the others by neutralisation. They can be dried at 200°. They 
are all crystalline and soluble. They change thus, when heated : — 

6Co(H2P02)2 = 4 Co(P 03)2 -f 2CoP + 2PH, + OJGT*. 

Pb(H2P03)2 is crystalline and sparingly soluble ; when heated, 
it decomposes, thus : — 

9Pb(H2P02)2 = 4Pb2P207 + Pb(P03)2 -f SPHs + 2 H 2 O -f 4^,. 

Thallous hypophosphite, TlHaP02, forms soluble white crystals. 
It decomposes like the sodium salt when heated. The uranyl salt, 
U02(H2P02)2.H20, is a sparingly soluble yellow crystalline salt. 

Like the phosphites, the hypophosphites possess great power 
of reduction ; the reaction, for example, with silver nitrate, is 
Ba(H2P02)2.Aq + 6AgNOs.Aq + 4HaO = 2H8P04.Aq -f 4HNO,.Aq 
+ Ba(N03)2.Aq + 6Ag-l- H3. The free hydrogen furt W reduces the 
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nitric acid. With solutions of cupric salts, cuprous salts are first 
produced, and then a reddish precipitate of copper hydride, CuH, 
is formed. Hypophosphorous acid also withdraws oxygen from 
sulphur dioxide, liberating sulphur. 

Double compounds with halogens— With phosphorus, 
compounds of the type POCI3 are best known. 

Arsenic forms only one compound of this nature, viz., 
AsOF3.KF.H2O ; its characteristic compound is AsOCl ; and 
antimony and bismuth resemble arsenic; the compound SbOCls 
is, however, known. 

POJF^s ; PNP3 ; POCI3 ; PSCI3 ; TOBr^ ; PSBrg ; POClgBr ; PSClgBr. 

SbOClg; SbSClg. 

These compounds have the formulm assigned, inasmuch as their 
vapour- densities have, in almost all cases, been determined. Their 
constitution is, without doubt, analogous to 0=P^Cl3; and it will 
be remembered that when treated with water or alkalies they give 
rise to orthophosphoric or orthothiophosphoric acid. The corre- 
sponding antimony compound, SbOClg, on treatment with water, 
yields the more stable pyrantimonic acid, H4Sb207.2H20. 

POF3, phosphoryl trifluoride, is a colourless gas, liquid at 
— 50”, or at 16” under a pressure of 15 atmospheres. By evapora- 
tion of the liquid a portion solidifies to a snow-like solid. It is 
produced by direct combination of phosphorus trifluoride and 
oxygen, which takes place with explosion on passing a spark 
through the mixed gases. It is more easily produced by distilling 
powdered cryolite^ AiPg.SNaF, with P2O6. 

P/SFs, the corresponding sulphur compound, is a spontaneously 
inflammable gas, liquefying under pressure of 1()%3 atmospheres at 
13*8”. It is best prepared by heating a mixture of phosphorus 
pentasulphide and lead fluoride, thus : — 

P2S5 + 5PbF2 = 5PbS 4- 2PF , ; and 3PF5 4- P2S5 = ^PSF,. 

The density of this gas shows that, like the other similar com- 
pounds, it cannot be regarded as the compound SPPs.Pg-Sc, but as 
the simpler body PSF^. 

POCI3, phosphoryl trichloride, is produced by the action of 
water on the pentachloride, thus: — 

PCI5 4- H2O = POCI3 4- 2HCI (see p. 353). 

But, as it quickly reacts with water, it is convenient to use com- 
.. bined water, in the form of boracic acid, H3BO3, in its formation. 
It is easily obtained by distilling a mixture of phosphorus penta- 
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chloride and boracic acid in theoretical proportions. It can also 
be produced by heating together the pentachloride and pentoxide 
of phosphorus, thus : — 

3 PCI 5 + P 2 O 5 = 5 POCI 3 . 

It is a colourless liquid, heavier than water (1*7), boiling at 110". 
It fumes in the air, forming phosphoric and hydrochloric acids. 
It may be solidified, and melts at 2'5*^. It combines with some 
other chlorides, forming, for example : — 

POCl;^ BCl-} ; a white soUd, melting at 11°. 

POCI3 AICI3 ; a white solid, melting and boiling without decomposition (?). 

POCla.MgrCla ; a white solid, decomposed when heated. 

POCI3 ZnCl2; white rhombic crystals. 

POCI3 SnCl4 ; a liquid, boiling at 180 °. 

It also forms gelatinous compounds with sodium and potassium 
chlorides. 

PSCI3, sulphophosphoryl trichloride, is also a colourless 
fuming liquid, heavier than water, boiling at 124*25°. It could 
doubtless be prepared by heating phosphorus pentachloride with 
pentasulphide ; but it is more readily obtained by the action of 
hydrogen sulphide on phosphoryl trichloride, thus : — POCI3 -f 
jg'a/S' = PSCI3 + H2O ; or by distilling phosphoric chloride with 
antimony trisulphide, thus : — 

6PCI5 + 5Sb2S3 = 3P2S5 4- lOSbCla ; and 

3 PCI 5 -h P 2 S 5 = 5 PSCI 3 . 

The easiest method of preparation is to distil phosphorus with 
sulphur chloride, S 2 CI 2 ; the reaction is : — 

2P 4- 3S2CI2 = 4 S 4 2PSCI3. 

A compound of this body, with sulphur dichloride, PSCI 3 .SCI 2 , 
is produced by the action of sulphur on phosphoric pentachloride. 
It is a colourless liquid, boiling at 100°. Its molecular weight has 
not been determined. 

POBr 3 and PSBrg are crystalline solids, similarly prepared. 
The former melts at 45" and boils at 195° ; the latter is yellow, and 
cannot be distilled without partial decomposition. POCl 2 Br and 
PSChBr are also known. 

Analogous compounds of arsenic are unknown ; but two com- 
pounds of arsenyl fluoride, of the formulae AsOP3.KP.H2O and 
AsOP 3 .AsP 6 . 4 KP. 3 H 2 O, have been prepared by treating arsenate 
of potassium with much hydrofluoric acid. They are colourless 
crystalline bodies. 
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Antimonyl trichloride, SbOCla, is produced by the action 
of a trace of water on the pentachloride, SbCh. Another state- 
ment is that this body has the formula SbCh-HgO ; it might well 
be SbOCl3.2HCl. It crystallises from chloroform. The corre- 
sponding compound SbSCla forms white crystals ; it is produced 
by the action of hydrogen sulphide on the pentachloride. It is 
said to decompose when heated into SbCls and S2CI2 (?). 

Pyrophosphoryl chloride, P2O3CI4, corresponding to pyro- 
phosphoric acid, P203(0H)4, has been produced by the action of 
nitrogen tetroxide, N2O4, on phosphorus trichloride. It is a colour- 
less liquid, boiling between 210 ° and 216 °. On treatment with 
water it yields orthophosphoric acid. Pyrosulphophosphoryl 
bromide is produced by dissolving phosphorus trisulphide, P2S3 (a 
mixture ?), in carbon disulphide, and adding the necessary quantity 
of bromine. The carbon disulphide is distilled off, and the residue 
is extracted with ether, which dissolves the compound P2S3Br4. A 
light yellow oily liquid remains on evaporating the ether. When 
heated with phosphorus pentabromide, this substance yields the 
orthosulphophosphoryl bromide, PSBra ; and when distilled alone, 
the compound P2SBr6, which may be regarded as corresponding to 
the unknown thiodiphosphoric acid,P2S(OH)6, with hydroxyl re- 
placed by bromine (see p. 353 ). 

This substance is a white solid, melting at — 5 ° to a yellow 
liquid. 

Metaphosphoryl chloride, PO2CI, is said to have been 
obtained by heating in a sealed tube for six hours a mixture of 
phosphorus pentoxide and phosphoryl trichloride, thus : — 

P2O5 -f POCI3 = 3PO2CI. 

It is a viscid colourless substance. The corresponding sulpho- 
phosphoryl bromide, PS2Br, is the insoluble residue after dissolving 
out the compound P2S3Br4 with ether (see above). The analogous 
metantimonyl chloride, Sb02Cl, is produced by the action of much 
water on SbCls. 

No chlorine derivatives of the oxide or sulphide, P2O3 or P2S3, 
are known. But the bismuth haloid compounds and almost all 
those of arsenic and antimony are thus composed. 

Arsenosyl chloride, or arsenyl monochloride, AsOCl, is 
a hard white translucent faming solid, formed by the action of a 
small amount of water on arsenic trichloride. It forms the follow- 
ing compounds : — 

AsOCl. A82O3 ; ASOCI.NH4CI ; and A8OOI.H3O. 
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The last of these may be viewed as orthoarsenious acid, with one 
hydroxyl group replaced by chlorine, thus : — As(OH)2Cl. Arsen- 
osyl bromide, AsOBr, is a brown waxy solid similarly prepared. 
It forms the compound 2 As 0 Br. 3 H 20 , which may perhaps be con- 
ceitred as As20(0H)2Br2.2H20, a derivative of pyroarsenious acid, 
two hydroxyl groups being replaced by bromine. 

By similarly treating arsenic tri-iodide with water, the com- 
pound AsOl.As^Oe crystallises out in thin plates. 

Sulpharsenosyl iodide, AsSl, is said to be formed by the action 
of iodine on arsenic trisulphide; and on addition of powdered 
arsenic to a solution of sulphur and bromine in carbon disulphide, 
the compound AsSBr.SBr2 separates in dark-red crystals. 

Antimony trifluoride, SbF3, deliquesces on exposure to moist 
air, forming the compound SSbOF.SbPj; and bismuth oxyfluoiidj, 
BiOF, remains as a white powder on heating the crystalline com- 
pound BiOF.2HF, obtained by the action of concentrated hydro- 
fluoric acid on bismuthous oxide, Bi203. 

Antimonosyl chloride, SbOCl, and bismuth oxychloride, 
BiOCl, are produced by the action of water on the trichlorides 
SbOls and Bids. The former is obtained in crystals by mixing 
10 parts of the trichloride with 17 of water, and, after, allowing to 
stand for some days, filtering, and washing .the precipitate with 
ether. The corresponding bismuth compound is used as a pigment 
and cosmetic under the name pearl-white.’* When heated in air, 
it changes, giving the body 3Bi0C1.2Bi203. Many other com- 
pounds are produced by the action of water on antimony tri- 
chloride ; among these are — 

SbOCUSbOla ; 2Sb0ClSb303; 20SbOC1.10Sb2O3 SbClg, &c. 

These bodies all dissolve in concentrated hydrochloric acid, 
giving the trichloride. 

Similar bromides are known, similarly prepared ;• for instance — 

2Sb0Br.Sb203 ; 20SbOBr.l0Sb2O3 SbBrg ; BiOBr ; 7Bi0Br.2Bi208. 

SbOI j 2SbOI SbaOa ; BiOI ; and SBiOI.dBigOs. 

Compounds of sulphantiraonosyl chloride are also known, pro- 
duced by the action of the trichloride on trisulphide of antimony. 
Crystals of SbSCl.SbCls are produced, and on washing them with 
alcohol, 2 SbSC 1 . 3 Sb 2 S 3 remains. 

Sulphantimonosyl iodide, SbSI, is the product of the action of 
antimony tri-iodide on the trisulphido ; it is a brown-red powder ; 
when boiled with zinc oxide and water, the oxy sulphide, SbtOSj, is 
formed. 

2 c 
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The compounds BiSCl and BiSl are similarly produced ; and 
a selenochloride, BiSeCl, is formed as steel-grey needle-shaped 
crystals on adding bismuth triselenide, Bi2Se3, to molten 
BiCl3 2NH4Cl. 

No halogen compounds derivable from or connected with h^ po- 
phosphorous acid are known ; dry hydrogen iodide acts on that 
acid violently, producing phosphorous acid and phosphonium 
iodide (see p. 517 ), thus : — 

3H3PO2 + HI = 2H3PO3 + PH4I. 


Physical Properties. 

Mass of 1 cubic centimetre — 

P2O5, 2 387 ; AS4O6 (amorphous), 3*74 ; (crystalline) 3’70. 

AS2O5, 4 0; Sb403 (octahedral), 5 11 ; (prismatic) 5 72. 

Sb^Og, 3*78 ; Sb204, 4 07 ; BijOs, 5*1 ; Bi204, 5*6 ; Bi203, 8*08. 

P4S3, 2 00 ; AS2S2, 3 55 ; AS2S3, 3*45 ; Sb2S3, 4*22 ; {stihnite) 4*6. 

BiaSa, 7*00. 

,A82Se3, 4*75 ; Bi2Se3, 6*25 ; Sb2T63, 0 5; Bi^TSa, 7*23'~— 7*04. 

POCI3, 1*711 at 0^ P2O3CI4, 1*58 at 7°; Sb405Cl2, 5*0; BiOCl, 7*2. 
POBra, 2*82 ; PSBrg, 2*87 ; AsSBr^, 2*79 ; BiOBr, 6*70 at 20'^. 

Heats of formation — 

P - P - 1-51K. 2P + 50 = P2O5 + 3700K -l- Aq = 2H3P04.Aq + 
360K. 

2P + 30 + Aq = 2H3POs.Aq + 2 x 1252K. 

2P + 0 + Aq = 2H3P02.Aq + 2 x 373K. 

P + 0 + 30/ = POCI3 + 14e0K ; P + 0 + 3Br = POBrg + 1056K 
2 As + 50 = AS2O5 + 2194K; + Aq = 60K. 

2As + 30 = AS2O3 + 1547K; + Aq =-70K. 

2Sb 4- 50 + 3H2O = 2H3Sb04 -(- 2 x 1144K. 

2Sb -t- 30 = SbaOa + I66OK. Sb -i- 0 + 0/ = SbOCl + 807K. 

2Bi -V 30 T- 3H2O = 2H3Bi03 + 2 x 691K ; Bi -H O + C/ = 

BiOOl + 882K. 
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CHAPTER XXV. 

OZONE (oxide of OXYGEn). — OXIDES, SULPHIDES, SELENIDES, AND TEL- 

LURID BS OP MOLYBDENUM, TUNGSTEN, AND URANIUM. MOLYBDATES, 

TUNGSTATES, AND URANATES. SULPHOMOLYBDATES, ETC. — OXYHA- 

LIDES. 


Ozone. 

Ozone. — It has long been known that oxygen through which 
electric sparks have been passed acquires a peculiar smell, and acts 
rapidly on mercury. This behaviour is due to the conversion of 
the oxygen into an allotropic modification, to which the name 
ozone (from to smell) has been given.* In this instance 

the molecular weight is known, and consequently the formula of 
ozone, O3 ; and it appears advisable, therefore, to regard it as an 
oxide of oxygen. It is true that ordinary oxygen, which possesses 
the molecular formula O2, might also thus be regarded ; but, inas- 
much as ozone is the only allotropic modification of an element 
(except perhaps sulphur gas at a low temperature, which may 
possess the formula Ss) which is fairly stable and possesses a known 
molecular weight at the ordinary temperature, it has been given a 
prominent position. 

Sources. — Ozone occurs in small amount in the atmosphere, 
especially of the country. It may be recognised by its power of 
turning red litmus paper soaked in a solution of potassium iodide 
blue, owing to the liberation of potassium hydroxide (see below). 
Country air contains at most about one seven-hundred- thousandth 
of its volume of ozone. It appears to contain more ozone in spring 
than in summer, and more in summer than in autumn or winter ; 
and it is - more abundant on rainy than on fine days. Its presence 
appears also to be favoured (in the northern hemisphere) by west 
or south-west winds ; and its existence has been shown to be 
largely dependent on the prevalence of atmospheric electricity, for 
its amount is greatly increased during and after thunderstorms. 
Its presence in country air in greater amount than in town air may 

* Schdnbein, Poyy. Ann., 60, 616; Aiidrew.8, CAetn, Soc, J., 9, 168. 

2 C 2 
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be due to the fact that the oxygen evolved from plants contains 
small traces of ozone, and that in the neighbourhood of towns the 
ozone is destroyed by its action on organic particles, and on the 
sulphurous acid produced during the combustion of coal. 

Preparation. — Ozone is formed, as mentioned above, by the 
passage of electric sparks through oxygen ; and it is also pro- 
duced during the oxidation by free oxygen of various substances, 
such as phosphorus in contact with water, ether vapour, benzene 
and other hydrocarbons, and also by the combustion of hydrogen ; 
by the action of sulphuric acid on barium dioxide, potassium per- 
manganate, and other substances which evolve oxygen in the cold 
on being thus treated; and, lastly, by the electrolysis of dilute 
sulphuric acid. It is never obtained pure. By the first process a 
quarter of the oxygen present has been converted into ozone, but 
by the other processes a much smaller proportion undergoes 
change. 

These processes of formation may be illustrated as follows : — 

1. By slow oxidation. — (a.) A few sticks of phosphorus are placed in a 
large bottle wnd partly covered with water. After standing for about an hour, 
the air in the bottle is aspirated through a U-tube containing a solution of 
potassium iodide mixed with a little boiled starch. The solution will turn blue 
owing to the liberation of iodine and the formation of blue iodide of siaich. — 
(ft.) A few drops of ether are poured into a large dry beaker, covered with a 
plate, and tlie beaker is shaken so as to mix the etlier vapour with the air. The 
gaseous mixture is then stirred with a glass rod heated over a flame till too hot 
to touch. On pouring a little solution of potassium iodide and starch into the 
beaker and shaking, a blue colour will be produced. It has been observed that 
this reaction is also shown by the air in a bottle containing a little petroleum, 
frequently opened and shaken, especially if it has been exposed to sunshine for a 
few da} 8. 

2. Duringr combustion. — If a small jet of hydrogen be burned below a 
funnel, and the products be drawn through a solution of potassium iodide and 
starch, the blue colour is produced ; but, besides ozone, hydrogen peroxide and 
timmoniurn nitrite are produced, both of which have the property of liberating 
iodine from such a solution. The method of distinguishing these bodies from 
ozone is described below. 

3. Dilute sulphuric acid, electrolysed by eight Grove cells, each electrode 
consisting of six thin platinum wires, yields oxygen rich in ozone. In one ex- 
periment at 9°, about one quarter of the oxygen collected was in the form of 
ozone. Persu^phuric acid is also formed in the liquid by this process. 

4. The most convenient method of producing ozone is the passagre of the 
** silent discharge” through oxygen. This “ silent dischsrge ** appears to 
consist of a ram of small sparks, and is best produced between two surfaces of 
glass placed very near each other, with conducting coatings on their exterior 
surfaces. A Kuhmkorff coil or an electrical machine may be used as a source 
of the electticity of the high potential required. The apparatus, of which a 
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out is given in fig. 41, serves well for the purpose, and by its means the rela- 
tion between the alteration in rolume of the oxygen during conversion into 
ozone and the volume of the ozone produced may be shown. It consists of a 



Fig. 41. 


wide glass tube, standing on a foot, and constricted about 2 inches from its 
lower end. At its lower end a paraffined cork, or a glass stopper lubricated with 
vaseline, is inserted in the tubulus, and on the opposite side to the tubulus a 
vertical tube, provided with a stopcock, ending in a (J-tube, is sealed on. A 
narrower tube, which should fit the wider one very closely, but without touching, 
IS sealed through its upper end. At the top of the wide tube a gauge, like 
hat sliown in the figure, is attached by sealing. The outer tube is covered with 
f infoil where it surrounds the inner tube. 

As ozone is destroyed by grease, the stopcock should be lubricated with vase- 
line, and no india-rubber connections should be placed in contact with ozone, 
for it at once attacks india-rubber. 

To illustrate the formation of ozone with this apparatus, a slow current of 
3xygen is passed through the tube, entering through the gauge-tube, which should 
contain no liquid. A platinum wire connected with one pole of a coil is dipped 
in dilute sulphuric acid contained in the inner tube, while the outer coating 
>f tinfoil is connected with the other pole of the coil. The U-tube having been 
illed with a solution of potassium iodide and starch, a blue colour is produced 
IS soon as the current passes. The characteristic smell may be noticed before 
:ihe solution is poured into the U-tube. 

Properties. — M ordinary pressure and temperature, ozone is a 
gas, colourless in thin layers; but by looking through a tube 
several metres in length, filled with ozonised oxygen, it is seen to 
have a blue colour. When compressed, this blue colour becomes 
more apparent, and at low temperatures it increases in intensity. 
A. current of ozonised oxygen, cooled to — 180° by liquid oxygen 
boiling at atmospheric pressure, deposits its ozone as a dark-b^'ue 
liquid, while the oxygen passes on. The blue liquid boils at 

^ Comptea rend., 94, 1249 ; MonaUhcfb Chem,^ 8, 69. 
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When heated to 250 — 200°, ozone is reconverted into ordinary 
oxygen, and the volume of the gas is found to have permanently 
increased. Ozone liberates iodine from a solution of potassium 
iodide, forming potassium hydroxide and free iodine ; it oxid’ses 
silver and mercury, which are unaffected by ordinary oxygen at 
the atmospheric temperature, and at once converts black lead 
sulphide into white lead sulphate. It reacts with hydrogen per- 
oxide, but only slowly in presence of free acid ; the action is rapid 
in presence of an alkali ; oxygen gas is evolved. It bleaches 
indigo and other vegetable colouring matters. It is very sparingly 
soluble in water, although nearly ten times more soluble than 
oxygen. It provokes coughing, irritating the bronchial tubes. It 
is poisonous when breathed in a concentrated form ; and, curiously, 
the blood of animals killed by it is found to have the dark colour 
of venous blood ; death appears to be produced by asphyxia. 

Proof of the formula of ozone. — That ozone has the formula 
O 3 is rendered probable by the following experiments : — I. Oxygen, 
when ozonised, undergoes contraction. This may be proved by 
placing the apparatus shown in fig. 41, filled with oxygen, in 
water so as to maintain a constant temperature, for on passing the 
discharge the gas would become heated, and changes of volume, 
not dependent on the conversion of oxgyen into ozone, would then 
occur. Some strong sulphuric acid, coloured with indigo, is intro- 
duced into the gauge, and the stopcock connecting the apparatus 
with the shut. On passing a currenc, a momentary 

expansion will take place at first, due for the most part to heating 
of the gas ; it is, however, followed by a contraction shown by the 
rise of the liquid in the gauge. Its level is observed. 

2. The apparatus is then removed from the water, and by a 
rapid shake, a small thin bulb filled with oil of turpentine contained 
in the lower part of the tube is broken. The apparatus is again 
placed in water, and allowed to stand for a few minutes, so as to 
regain its original temperature. A further contraction will have 
taken place, amounting to. twice that originally observed. The 
(J-tube is washed out and filled with fresh iodide of potassium 
and starch ; the contents of the apparatus are then expelled 
through the (J-tnbe by a current of oxygen ; no coloration is pro- 
duced, showing that the ozone has been completely removed. 

The relation of the volume of the ozone to that of the oxygen 
from which it has been produced, can be inferred from these experi- 
ments. To take a suppositious case Suppose the total volume 
of the oxygen before electrification is 100 c.c. After partial con- 
version into ozone, the volume may be imagined to be reduced to 
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99 c.c. ; and after absorption of the ozone by turpentine, the con- 
traction is twice as great as the original one, and the volume is 
further reduced to 97 c.c. We have thus: — 


^Volume of original gas 100 c.c. 

Volume of oxygen plus ozone 99 c.c. 

Volume of oxygen after removal of ozone. .... 97 c.c. 

Hence oxygen converted into ozone 100 — 97 c.c. = 3 c.c. 

Volume of that ozone 9.9 — 97 c.c. = 2 c.c. 


We see, therefore, that three volumes of oxygen are converted into 
two volumes of ozone. 

The density of ozone should,, therefore, be that of O3/2 = 24. 

No direct experiments on ita density have been made ; but 
corroborative evidence is furnished by experiments in which the 
rate of diffusion of ozone mixed with oxygen was compared with 
that of chlorine mixed with oxygen.’^ The rate of diffusion of tWo 
gases, as shown by Graham, is inversely as the square roots of 
their respective densities. Now, the density of chlorine is 35‘5, 
the square root of which is 5*96 ; and that of ozone is presumably 
24, the square root of which is 4*90 ; hence, for every 4*90 grams 
of chlorine escaping into air by diffusion, 5*96 grams of ozone 
should escape. The ratio between these numbers is 

5-96 : 4-90 : 100 : 82 2 ; 

the rate of diffusion should be, therefore, the 100/82 of that of 
chlorine ; it was experimentally found to be the 100/84th part, a 
sufficiently close approximation. A similar set of experiments 
proved it to have nearly the same rate of diffusion as carbon di- 
oxide, CO2, the density of which is 22. It may be regarded, there- 
fore, as a compound of three atoms of oxygen, and it possesses the 
formula O3, with the molecular weight 48. 

Many substances, such as potassium iodide, mercury, and silver, 
convert ozone into ordinary oxygen, but remove only the third 
atom of the oxygen of ozone. The equations are ; — • 

2KI Aq + 03 + H2O = 2KOH.Aq -h l2.Aq -f O 2 ; 

2Ag 4- O3 = Ag,0 -f- O2; and Hg -h O3 = HgO 4 O2. 

Other bodies, such as the dry dioxides of lead and manganese, and 
copper oxide, decompose it without themselves suffering any per- 
manent change. And in some cases it has a reducing action ; for 
example, silver oxide is reduced to metallic silver, thus : — Ag20 -f 
O3 = 2Ag + 20j ; moist dioxide of lead is also reduced : — 

* Soret, AHKalet ( 4 ), 7 , 118 j 18 , 2j7. 
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Pb02 +03 = PbO + 2O2. And in alkaline or neutral solntion it 
reduces hydrogen dioxide, H202.Aq + 03 = H 20 .Aq -f- 2O2. It is 
probable that the decomposing action which silver, mercury, &c., 
have on ozone is due to a double change, for instance : 2 Ag -b 
=: AgzO -K O2, and -|- O3 = 2Ag + 2O2. These changes 

may be regarded as due to the action of atomic oxygen, a body 
incapable of more than a momentary existence at the ordinary 
bemperature, but one which we should suspect to display great 
chemical activity. In this connection it may be noted that at the 
moment when the electric discharge begins to pass through pure 
iry oxygen, a sudden expansion occurs, too sudden to be regarded 
Eis due to rise of temperature; an equally sudden contraction 
snsues. It may be supposed that the first action of the discharge 
is to partly dissociate the ordinary oxygen, O2, into atoms, many 
Df which then combine in groups of three, forming ozone, O3. 

Tests for Ozone. — Ozone liberates iodine from potassium 
iodide, with formation of potassium hydroxide. If, therefore, half 
af a strip of red litmus paper be moistened with a solution of 
potassium iodide and starch, the moist portion will become blue, 
iwing to the liberated alkali. This effect is not produced by 
ciitrous acid, hydrogen peroxide, chlorine, or other substances 
ivhich have also the power of liberating iodine from potassium 
odide. 

Another tost is the power which ozone possesses of oxidising 
1 thallous salt to hydrated thallic oxide. Paper moistened with a 
solution of colourless thallous hydroxide therefore changes to the 
brown tint of thallic hydrate on exposure to ozonised oxygen. 


Oxides and Sulphides of Molybdenum, Tungsten, 
and Uranium. 

No selenides or tellurides of the elements of this group have 
been prepared. The following is a list of the oxides and sul- 
phides : — 

List. Molybdenum. Tungsten. Uranium. 

Qiygen H02O3; M0O3; MoOa. WO2 ; WOs. UOg ; TJOsj tr04. 

Sulphur — MoSa; MoSa M0S4. WS3 ; WS3. tJSg; TJS3 (?).* 

Besides these, the following oxides are known; they may be 
regarded as compounds of the simpler ones with each other: — 

• Poisibly exist in combination with other oxides or sulphides. 
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MO2O5 (in combination with water) = M0O2.M0O3 ; U2O6 ; 
MOiOa = M0O2.2M0O3; U3O8 = UO2.2UO3. 

Sources. — Molybdenum and tungsten trioxides occur native 
Rarnmolyhdic ochre and tungstic or wolfram ochre; the former often 
coats the surface of the native sulphide as an earthy powder; 
and the latter forms a bright yellow or yellowish-green powder, 
sometimes occurring crystallised in cubes. The oxide UsOa is the 
chief constituent oi pitchhlende, the chief source of uranium. It is 
a hard greyish, greenish, or reddish-black mineral, sometimes 
crystallising in regular octahedra. It usually accompanies lead 
and silver ores. Molybdenum, tungsten, and uranium also occur 
as trioxides^ in combination with other oxides. Among such 
compounds are wulfenite, or yellow lead ore, lead molybdate, 
PbMoOi ; calcium tungstate, CaW04, named or tungsten 

(from the Swedish words tung, heavy, and sten, stone ; its specific 
gravity is 6) ; ferrous-manganous tungstate, (Fe,Mn)W04, or '^oU 
fram, the chief ore of tungsten ; and scheeletine or lead tungstate, 
PbW04. Uranium occurs as carbonate in liehigite, Ca(U03)(C03)2 ; 
as phosphate in uranium vitriol ; also in uranite^ 

2(U02).Ca(P04)2.8H20, 

and in chalcolite, in which copper replaces calcium. 

Uranium also occurs in the rave samarshite, fergusonite, 

pyrochlore, euxenite, &c,, in combination with oxides of niobium, 
tantalum, yttrium, and other elements. 

Disulphide of molybdenum, M0S2, occurs native as molyh^ 
denite, or molybdenum glance, in soft, grey, elastic, flexible 
laminae, resembling lead in colour and lustre, and graphite in its 
touch. 

Preparation. — 1. By direct union. — Molybdenum and tungs- 
ten, when finely divided, bum when heated in air to the trioxides, 
M0O3 and WO3 ; uranium yields the oxide UaOa. The trioxide 
of molybdenum is also obtained by heating the metal in water- 
vapour, or with potassium hydroxide. The sulphides, M0S3,. 
WS2, and US2, are also produced directly, by heating the finely- 
divided metals with sulphur. 

2 . By heating double compounds. — The oxides MOjOs, 
M0O2, M0O3, WO3, UOa, UO3, and UO4 are left anhydrous 
when their hydrates are heated. With M02O3 and Mo02, air 
must be excluded, else oxidation occurs. The hydrate of the 
oxide UOa becomes anhydrous when boiled with water. To 
dehydrate UO4.2H2O, the temperature must not be allowed to rise 
much above 100°, else loss of oxygen ensues. 
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Molybdates, tungstates, and uranates of ammonium and of 
mex’cary leave the trioxides when heated to redness, the volatile 
bases being expelled. Uranyl nitrate, U02(N03)2, at 250° yields 
the trioxide. When more strongly ignited, UaOs is produce^ ; 
and at an intense heat, U2O5. 

3. By reducing a higher oxide or sulphide.— Molybdenum 
sesquioxide is produced by treating the trioxide with nascent 
hydrogen from zinc and hydrochloric acid. Molybdenum and 
tungsten dioxides are produced when the trioxides are heated to 
low redness in hydrogen; at high temperatures the oxides are 
reduced to metal. Uranium dioxide is produced by heating the 
complex oxide UaOa to whiteness with carbon, or in a current of 
hydrogen. It has also been prepared by heating the oxalate, 
((102)0204, or the double oxychloride, UO2Cl2.2KCl.2H2O, to 
redness in a current of hydrogen. Molybdenum dioxide is obtained 
in a crystalline form, by fusing sodium molybdate, Na2Mo04, 
with metallic zinc, which deprives the trioxide, M0O3, of its 
oxygen. Uranium tetroxide, UO4, loses oxygen when heated to 
250°, leaving the trioxide, and at higher temperatures gives the 
oxide UaOg, which loses more oxygen on intense ignition, leaving 
U2O5. 

The higher sulphides of molybdenum and tungsten, US4, US3, 
and WS3, likewise lose sulphur at a red heat, yielding the 
disulphides. 

4. By oxidation of a lower oxide.— The oxides M 0 O 3 , WOj, 
and UsOg are produced when the lower oxides are ignited in air. 
The higher sulphides, however, are not formed by heating the 
lower ones with sulphur. 

5. By replacement, or by double decomposition. — The 
only oxide produced by this method is uranium tetroxide ; it is 
formed when a mixture of solutions of uranyl nitrate and 
hydrogen dioxide, in presence of a large excess of sulphuric acid, 
are allowed to stand fur some weeks, thus ; — 

U02(N03)2.Aq 4- H202.Aq = UO4 4- 2H]Sr03.Aq. 

This is, however, a method of preparing the sulphides. Molyb- 
denum or tungsten trioxide, heated with sulphur, yields sulphur 
dioxide, and the disulphide. Disulphide of tungsten is also pro- 
duced by heating any oxide in a current of hydrogen sulphide or 
carbon disulphide ; and uranium disulphide has been obtained by 
heating uranium tetrachloride, UCl*, in a current of hydrogen 
sulphide. 
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The higher sulphides are also prepared by this method. 
Molybdenum and tungsten trisulpbides are formed by addition of 
hydrogen sulphide or ammonium sulphide to the solution of a 
nuolybdate or a tungstate, and subsequent addition of an acid. 
They are then precipitated. Uranium tri sulphide is produced 
by heating the tribromide in a current of hydrogen sulphide. 
Molybdenum tetrasulphide is precipitated on addition of an acid 
to a solution of a sulphoperraolybdate, such as Na2MoS6.Aq. 

Properties. — Molybdenum sesquioxide was believed by 
Berzelius to be the monoxide, MoO. It is a black powder, when 
obtained by igniting the hydrate; but when produced by the 
action of nascent hydrogen from zinc and hydrochloric acid on the 
trioxide, a dark brass-yellow precipitate. Molybdenum dioxide, 
from the trioxide with hydrogen, is a dark-brown powder ; when 
prepared from sodium molybdate by fusion with zinc, it forms 
blue-violet prisms. Dioxide of tungsten forms brilliant copper- 
red plates, insoluble in watef* and acids ; and uranium dioxide 
also possesses metallic lustre ; prepared from the oxalate, it is a 
cinnamon-brown powder ; but when obtained from the double 
chloride, it crystallises in lustrous octahedra. The amorphous 
form glows when heated in air, burning to UaOg. 

Molybdenum trioxide forms a light porous white mass of 
silky scales ; it melts at a red heat to a dark-yellow liquid, which, 
when cooled slowly, solidifies in needles. It is volatile in a current 
of air, but not alone ; this is perhaps due to the transient forma- 
tion of a dissociable and more volatile higher oxide. It is insoluble 
in water, but dissolves in acids. Trioxide of tungsten is a 
lemon- or sulphur-yellow powder, turning darker when heated. 
It may be obtained in transparent trimetric tables by crystallisa- 
tion from fused borax, or in octahedra by heating it in a current 
•of hydrogen chloride. It melts at a bright-red heat. Uranium 
tiioxide is a buff- coloured powder. Uranium tetroxide forms 
a heavy, white, crystalline precipitate. The more complex oxide, 
MO3O8 is a blue insoluble powder ; UaOg, when prepared artificially, 
is a dark-green velvety powder ; and U^Os a black powder. When 
the glaze on porcelain is mixed with the oxide UaOs, and baked, 
an intense black colour is produced, and it is conjectured that 
during firing, the oxide UjOg is converted into U2O5. 

Molybdenum disulphide, prepared artificially, is a black 
lustrous powder; disulphide of tungsten forms slender black 
needles ; and that of uranium is a greyish -black amorphous body, 
becoming crystalline at a white heat. Molybdenum trisulphide 
is a blackish-brown powder; and that of tungsten forms black 
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lamps which yield a liver-coloured powder. Both of these bodies 
dissolve in solutions of sulphides of the alkalis ; that of tungsten 
is slightly soluble in water, but is precipitated on addition of 
ammonium chloride. It becomes denser when boiled with hydr-?*- 
chloric acid. Uranium trisulphide is a black powder. Molyb- 
denum tetrasulphide forms dark-red flocks, drying to a dark- 
green mass with metallic lustre ; when triturated, it gives a red 
powder. 

Double compounds.— (a.) With water. — The hydrates 
are mostly prepared by double decomposition ; those of the 
trioxides, and of uranium tetroxide, may be te^-med acids, inasmuch 
as they correspond in formula to numerous double oxides. Double 
oxides corresponding to the other oxides of these elements have 
not been prepared. 

Hydrated molybdenum sesquioxide is produced by adding 
potassium hydroxide to a solution of a molybdate previously 
exposed for some time to the action of nascent hydrogen from zinc 
and hydrochloric acid, or better, sodium amalgam. It is a black 
precipitate, soluble in acids, forming dark-coloured or purple 
molybdous salts ; in dilute solution they have a brownish-red 
colour. 

Hydrated molybdenum dioxide is produced by adding 
ammonia solution to a solution of molybdenum tetrachloride. It 
is a rusty-coloured precipitate, sparingly soluble in water, in 
which it dissolves to a dark red solution; hence it should be 
washed with alcohol. Its solution gelatinises on standing. It is 
soluble in acids, forming reddish-brown solutions. 

Hydrated dioxide of tungsten is unknown; that of uranium 
is precipitated in red-brown flocks from uranous salts by addition 
of an alkali. It is soluble in acids, forming green solutions. 

Molybdenum trioxide is sparingly soluble in water (I in 
500). By dialysing it, Graham prepared a stronger solution, 
possessing a yellow colour and an acid taste. This soluble modi- 
fication has also been prepared by addition of the theoretical 
amount of sulphuric acid to barium molybdate suspended in water, 
and filtering off the precipitated barium sulphate. On evaporation 
it forms a transparent blue-green mass, which slowly dries to the 
anhydrous oxide. The hydrate, or acid, 2 Mo 03 .HaO = H 2 MO 2 O 7 , 
has been prepared by drying the residue for two months over 
strong sulphuric acid ; and a hydrate, or acid, MoOs.HaO, once 
separated in prisms, after long standing, from a solution of the 
magnesium salt which had been mixed with nitric acid equivalent 
to the magnesiam. 
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The hydrated double oxide, MO2O5.3H2O, forms a blue pre- 
cipitate on mixing a solution of the dioxide with a solution of the 
trioxide in hydrochloric acid. Tt may be regarded as MoOa.MoOa, 
molybdyl mcdybdate. Similarly, the oxide MOaOs may bo viewed 
as M0O2.2M0O3, or molybdyl dimolybdate. 

Hydrated tungsten trioxide, or tungstic acid, WOa.HsO, 
sz H2WO4, forms a yellow precipitate on adding an acid to a hot 
solution of a tungstate. It crystallises without alteration of com- 
position from hydrofluoric acid. By similar treatment of a cold 
solution, a white gelatinous precipitate of WO3.2H2O is formed. 
It is also produced when water is added to a solution of tungsten 
chloride or oxychloride. 

A soluble modification of tungstic acid, named metatungstic 
acid, is produced by action of sulphuric acid on barium tungstate 
suspended in water. On evaporation, the solution deposits yellow 
crystals of 4 {Vr O ..K^O ) = H2W40,3.31H20. This hydrate 
is easily soluble in water and forms soluble salts. On heating its 
concentrated solution, ordinary tungstic acid separates out. 

Hydrated uranium trioxide, UO3.2H2O, has not been ob- 
tained pure by precipitation, for alkali is always carried down. 
But by heating a weak alcoholic solution of the nitrate, oxidation 
products of alcohol are suddenly evolved ; the hydrated oxide re- 
mains as a buff-coloured mass. It is also formed by exposing 
moist UaOg to air. When dried in vacuo it forms UO^.H^O = 
H2UO4, a lemon-yellow powder. 

The hydrated tetroxide, UO4.2H2O, is a yellow-white powder 
obtained by mixing a solution of a uranyl salt with hydrogen di- 
oxide. On treatment with potash, uranic hydrate, UO3.2H2O, is 
precipitated, and the potassium salt of an acid dissolves which 
may be conceived to have the formula HgUOm. The hydrated 
tetroxide may therefore be viewed as UO6.2UO3.6H2O. Attempts 
to prepare the hydrated oxide UOe were, however, unsuccessful ; 
on addition of hydiogen dioxide to a nitric acid solution of uranium 
nitrate, the ratio of uranium to oxygen in the precipitate corre- 
sponded approximately to the formula U2O9. 

(h.) No hydrosulphides are known. 

(c.) Double oxides and sulphides; salts of molybdic, 
tungstic, and uranic acids ; also of corresponding sulpho- 
acids. — A compound of tungsten dioxide and sodium oxide has 
been prepared, by dissolving in fused sodium tungstate as much 
trioxide as it will take up, and heating the mixture to redness in 
hydrogen. On treatment with water, the compound 2W02.Na20 
= Na 2 W 205 remains in golden-yellow scales and cubes possessing 
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metallic lustre. It cannot be prepared by direct union of the 
oxides. No similar compounds of molybdenum or uranium are 
known. 

Molybdates, tungstates, and uranates.— These are among 
the most complex of compounds known. Owing to their com- 
plexity, the formulas of many are somewhat uncertain, different 
investigators drawing different conclusions from their analytical 
data. There can be no doubt that, of all oxides, these show most 
tendency to polymerise, especially when in union with others. It 
will be convenient, in writing the formulae of these complex bodies, 
to represent them as compounds of oxides with oxides, e.j/., 
mMaO.riROa, where M stands for any element, and R for molyb- 
denum, tungsten, or uranium. As nothing is known regarding 
the constitution of these bodies, the water frequently contained in 
them will be written separately, 

5(Mo03.Li20).3H20; 3(Mo03.Li20).8H20 ; MoO3.Na2O.H2O, and 2H2O ; 
2 (Mo 03 .K 20 ).H 20 ; M0O3.K2O.5H2O ; Mo03.(NH4)20.— WOg.LiaO ; 

WOj.NasO; WOj^-KaO.HgO, 2H2O, and SHgO; W03.(NH4)20.— 
irO3.Na2O.6H2O ; TJ03.(NH4)20. 

The lithium, sodium and potassium salts are obtained by 
fusing the respective trioxides with the carbonates. The molyb- 
dates and tungstates are colourless; the uranates yellow. The 
ammonium salts crystallise from solutions of trioxides in am- 
monia ; they are precipitated by alcohol ; the neutral ammonium 
tungstate is, however, unstable, and yields crystals of 
3W03.2(NH4)t0.3H20. Ammonium molybdate is employed as a 
reagent for orthophospboric acid, 

Tbe double salt 3Mo03.K20.2Na20.14H20 is also known, and 
is produced by mixture. Sodium tungstate, Na2W04, is used as 
a mordant in dyeing, and, as it fuses at a red heat, it is employed 
to render linen and cotton cloth uninflammable. 

2Mo03.Na20; 2Mo03.(NH4)20,— 2'W03.Na20.2H20 and GHjO; 

2W03.K20,2H20 and 3H2O.— 2U03.Na20 ; 2TJ03.K20.. 

These are crystalline salts obtained by acidifying the former, or 
by adding trioxide in theoretical proportion to their solutions. 
The uranium salts are also produced by addition of excess of 
solution of potassium hydroxide to a uranyl salt, such as the 
nitrate, U02(N03)2.Aq. They are light orange powders. 
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7Mo03.3Na20.22H20 ; 7 Mo 0.3K20,4H20 ; 7Mo03.3firH4)20.22Hs0.— 

. 7W08.3Li0.19H20; 7W03.K:30,6H20, 

These molybdates are produced by evaporation to dryness of 
sqlutions of the trioxide in solutions of carbonates. From the 
potassium salt the curious compound I6M0O3.6K2O.4H2O2 has 
been obtained with hydrogen dioxide. The tungstates are obtained 
by the action of carbonic acid on the former salts. 

5Mo03.2(NH4)20.3H20.— 6W03.2Nra20.11H20 ; 5W03.2B::20.2H20.— 
9M0O3 4K2O.GH2O. 

These salts, and those which follow, are produced by acidifying 
those in which the number of molecules of the two oxides are more 
nearly equal. 

12W03.6Nra20.28H20; 12W03.5B:20.11H20; 12W03.6(NH4)20.5H20 and 
IIH2O. 

12W03.Na20.4K20.15H20 ; 12W03.Na20.4(NH4)20.12H20 ; and others. 

3Sl!o03.^a20.4^l2G and 7H2D j 3Sfl[o 03.^20.8^12^9 33H0O3. R1)20.2]S20. 

3 W 03 .Na 20 . 4 H ,0 ; 3 W 03 .B: 20 - 2 H 20 . 

Molybdates of the following types are also known ; they are all 
produced by addition of acid to those containing less trioxide : — 

4MoO3.Na2O.6H2O ; 8 Mo 03 Ha 20 .l 7 H 20 ; 8M0O3.K2O.I8H2O ; 

10Mo03Na20.21H20; IGMoOgNagO. 

A corresponding tetratungstate, 4WO3 Na 20 , remains insoluble 
on digesting the fused salt, ]2W03.5Na20, with water; the salt 
3W03.2Na20 dissolves. A hexuranate, 6UO3.K2O, is also 
known; it is produced by fusion of uranyl sulphate, UO2.SO4, 
with potassium chloride. All these bodies are crystalline, and 
apparently definite chemical compounds. 

The tetratungstates, or, as they have been termed, the 
metatimgstates, form a separate class, inasmuch as the tung- 
stic acid produced from them is soluble. They are produced by 
boiling solutions of ordinary tungstates with hydrated tungstic 
acid, WO3.2H2O, or by adding phosphoric acid to a solution of a 
tungstate until the precipitate at first formed redissolves. They 
are also obtained by adding carbonates to metatun gstic acid, pro- 
duced from the barium salt with sulphuric acid. They form well- 
defined colourless crystals. Those of the fir^t group have the 
formulae 4WO3.Na2O.4H2O andlOH20; 4WO3.K2O.8H2O; and 
4W03.(NH4)20 8H2O. 

The sulpho-compounds are less complicated. They are as 
follows — 
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UoSjNa^S; UoSsKgS; UoS3,(NH4)2S.— WSs.Na^ ; WS9.K3S ; 

'WS,(1TH4)2S.— Also EUoSsNajB; 21IoS,.K2S.— 2WS,.Na4iS ;* 2WS3 E^S. 

The analogous oxysulphides have also been prepared: — M0O2S. (NH4)2S. — 
WOgSKaS— 2Mo02S.Na2S.— WO3K2S.H.O. 

No similar uranium compounds are known. ' 

The sulphomolybdates and sulphotungstates are prepared by 
dissolving the trisulphides of these elements in sulphides of the 
alkalis, and crystallising ; or those of potassium by fusing 
together potassium carbonate, sulphur, carbon, and molybdenum 
or tungsten trisulphide. Potassium sulphomolybdate forms deep- 
red prisms, which reflect green light. The sulphomolybdates 
yield deep-red solutions; the sulphotungstates are yellowish-red. 
The disulphomolybdates and tungstates are produced by adding 
acetic acid to the mono--salts ; they are precipitated by alcohol. 
The oxysulphomolybdates and tungstates are produced by mixture, 
or by adding the hydrosulpliide of the metal to a solution of a 
molybdate or tungstate, and evaporating to crystallisation. They 
form golden-red or yellow needles. 

These bodies form well crystallised double salts with potassium 
nitrate, e.g,, MoS 3 .K 2 S.KNO 3 and WS 3 .K 2 S.KNO 3 . 

MoO3.2BeO.3H2O; M0O3 CaO; MdOg.SrO ; MoOs-BaO.— WO3 CaO ;W03 SrO j 
WO3 BaO.— 2XJ03.Ca0 ; 2TT03.Sr0 ; 2XTO3 BaO.~7WO3.3BaO.8H2O j 

I 2 WO 3 2Ba0.3Na20.24H20. 

These molybdates and tungstates are prepared by fusing the 
chloride of the metal with molybdenum or tungsten trioxide and 
sodium chloride, or by precipitation. They are sparingly soluble 
white crystalline bodies. The uranates are reddish-yellow, and are 
produced by precipitation. 

Calcium tungstate occurs native as scheelite or tungsten in 
white quadratic pyramids, associated with tin-stone and apatite. 
The mineral is insoluble in water. 

Metatuu«rstates : — iWOs.CaO ; 4WO3.SrO.8H2O ; 4W03,Ba0.9H20, 
are soluble salts, prepared by dissolving the carbonate in the acid, 

MoSg.CaS; M0S3 SrS ; M0S3 BaS.— WSg.CaS ; WS3.SrSj WSg.BaS. 
SMoSg OaS ; SMoSg SrS ; 3MoS3.BaS. 

The trisulphomolybdates are produced by boiling the trisulphide 
with solutions of the sulphides ; and the monosulphomolybdates 
deposit from the mother liquor. They are dark-red substances. 
The sulphotungstates are produced by treating the tungstates witli 
hydrogen sulphide. 


• Annaletif 232 , 244 . 
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lM:o03.Mg>0.5Ho0 ; MoOg.ZnO ; MoOs.CdO.“-W03.MfirO ; WOg-ZnO ; 

W03.Cd0 ~2XJ03.Mgr0; 2TJ03.Zn0.— Aho 7 WO 8 . 2 ]M[ffO.(NH 4 ) 2 O. 10 H 2 O ; 

12W03.3Mff0.2(NH4)20.24H20 ; 7W03.Zn0.(NH4)20.3H20. 

These molybdates and tungstates are produced by fusing together 
the chloride of the metal with sodium molybdate and chloride. They 
form colourless crystals. The uranates are produced by igniting 
the doable acetate of uranyl and the metal. They are not crystal- 
line. The double ammonium salts are obtained by mixture. 

Metatunfirstatas : — 4WO3. MgrO . 8H2O ; 4 ^“ O3. ZnO . IOH2O ; 

4 W 08 .Cd 0 . 10 H 20 . 

These are all colourless crystalline salts, and are prepared from 
the carbonates. 

The sulpho molybdates of zinc and cadmium are dark-b^own 
})recipitates. The neutral magnesium salt is soluble, as is also the 
yellow sulphotungstate. The sulphotungstates of zinc and 
cadmium are sparingly soluble yellow bodies. 

Simple boron and yttrium molybdates have not been prepared. 
Boron tungstate is also unknown ; but double compounds of 
WO3, B2O3, an oxide, and water are very numerous. They are 
soluble colourless salts, crystallising well. Owing to their high 
molecular weights, too great confidence must not be placed in the 
formulas given ; but they appear to belong to the following classes : — 

10W03.B203.2Ba0.20H20. 

9WO3.B2O3.Na2O.3H2O. 

9WO3.B2O3.2BaO.20H2O ; 9W03.B203.2Cd0.15H20. 

I4WO3.B2O3.3K2O.22H2O ; (the barium and silver salts are also known) — 

I2WO3.B2O3.4K2O.2IH2O. 

7 W 03 .B 203 .Na 20 . 11 H 20 . 

The solution of the cadmium salt has the exceedingly high specihc 
gravity 3 * 6 . The acid corresponding to the nonotungstate has been 
prepared from the barium salt. It is a syrup, and gives insoluble 
precipitates with solutions of alkaloids, and may be used to separate 
quinine, strychnine, &c., from solutions. It may be regarded as 
boron tungstate. These bodies are all prepared by mixture. 

Aluminium tungstate has the formula 7 W O3.Al2O3.9H2O ; it is 
obtained by precipitation. 3WO3.Y2OV6H2O is also known. Salts 
of gallium and indium have not been prepared. — M0O3.TI2O is a 
crystalline powder. 

MoOs.EeO ; MoO3.MnO.H2O ; M0O3.C0O ; MoOs.NiO. — 

W03.Fe0; WOs.MnO; WO3.C0O; WOaNiO; W03.(Fe,Mn)0. 

Sulphomolybdates and sulphotungstates of similar formula 

2 n 
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have also been prepared. They are produced by precipitation, 
or by fusion of the trioxide with chloride of the metal and common 
salt. Ferrous manganous tungstate is wolf t am, the chief ore of 
tungsten. It is a hard dark-grey or brownish mineral, asso- 
ciated with tin-ores and galena. 7W03.3Mn0.11H20 and 
7 W 03 . 3 Ni 0 . 14 H 20 are produced by precipitation. 

The metatungstates known are 4^03 MnO.lOHsO ; 4'W’03.Co0.9H20 ; and 
4WO3 NiO.SHgO. They are soluble. 4M0O3 FejO^ 7H2O ; also double salts of 
ammonium with chromium and with ferric iron of the general formulae 
IOM0O3 M2O3.3K0O.6H2O, where M may be aluminium, chromium, ferric iron, 
or triad, manganese. A manganic salt is also known of the formula 

X6M!o03.M!]i203.51£20. 12!H20. 


SWOgOraOs lSHsOj 7 WO 3 .Cr 2 O 3 . 9 H 2 O j 5W03.Fe203.6(NH4)20.H.20 ; 
the double salt is soluble. 

The uranates have been little studied. Double molybdates 
and chromates have been prepared, of which an example is 

MoO3.CrO3.K2O.MgO.2H2O. 

These oxides do not combine with oxides of carbon ; but with 
titanium dioxide, compounds similar to these with boron oxide have 
been prepared. Among them are i2WO3.TiO2.4K2O and 
lOWO3.TiO2.4K2O. Zirconium, cerium, and thorium compounds 
appear to exist, but have not been investigated. 

The silicomolybdates and tungstates are also numerous. 
Silicomolybdic acid has the formula 12Mo03.Si02.13H20 ; it 
forms fine yellow crystals. Jt gives precipitates with salts of 
rubidium and caesium, affording a means of separating these metals 
from sodium and potassium. The corresponding tungstates of 
silicon and their derivatives have the formulae 

i2WO3.SiO2.4H2O.wAq and IOWO3 SiO2.4H2O.wAq. 

There are two isomerides having the first formula. The potassium 
salt of the first is produced by boiling gelatinous silica (SiO.{OH)2) 
with di tungstate of potassium. This yields a precipitate with 
mercurous nitrate, from which the acid may be liberated with 
hydrochloric acid. The salts are produced by its action on carbon- 
ates. The ammonium salt of silicodecitungstic acid, 

10WO3.SiO2.4(NH4)2O, 

is produced similarly from ammonium ditungstate. This acid also 
yields numerous salts. It is unstable, and, on evaporation, is con- 
yerted into the isomeric acid of the first formula, which has been 
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named decitungstosilicic acid. These acids and their salts as a 
rule crystallise well. 

The salts of tin have not been carefully examined. 

Lead molybdate, MoOa.PbO, occurs native as wulfenite or 
yellow lead ore. It is a heavy orange-yellow mineral^ occurring in 
veins of limestone. It may also be obtained as a whit© precipitate, 
or in crystals by fusing sodium molybdate with lead chloride and 
common salt. 

Lead tungstate, WO 3 PbO, also occurs native as scheeletine, in 
quadratic crystals isomorphous with the molylxiate. It has a 
greenish or brown colour. It can be prepared artificially like the 
•molybdate, and is then white. The salt TWOa SPbO.lOHjO is 
produced by precipitation. The metatangstate, 4WOj PbO.GHgO, 
crystallises in needles. 2 U 03 .Pb 0 is yellowish-red and insoluble. 
M 0 S 3 PbS and WSa.PbS are dark coloured jirecipitates. 

The oxides of the elements of the vanadium and phosphorus 
groups form exceedingly complex compounds with the trioxides of 
molybdenum and tungsten, and with the oxides of other elements.* 
To these names vanadimolybdates, vanaditungstates, &c., are 
applied, the number of molecules of trioxide being denoted by a 
numerical prefix. The chief compounds are as follows ; they are 
produced by mixture, and are well -crystallised bodies : — 

5W0j.V 206.4(NH4)20.13H..0. ISMoOj.As^Oj.SOHaO. 

6Mo 03.V205.2(NH4)20.5H20. 20Mo03.P205.Na20.23H>0. 

6 MoO 3 .P 2 Os.Aq. 20Mo03.P20s.2Ba0.24H20. 

eWOg.AsgO^.SKsO.SH^O. 20Mo03.P206.GBa0.42H20. 

6 WO 3 .AS 2 OS. 4 K 2 O. 21 I 2 O. 20Ma03.P20s.7K20.28H20. 

IOWO 3 .V 2 O 5 . 221120 . 2 OM 0 O 3 .P 2 O 6 . 8 K 2 O.I 8 H 2 O. 

11W03.2P20,.6(NH4).20.42H20. 20WO,.P2Os.6BaO.48H.2O. 

1GMo03.P20s.3(NH4)20.14H20. 22Mo03.P206.3(NH,)20.PH20. 

16Mo03.2V206.5Ba0.28H20. 22 W 03 JP 206 . 2 B: 20 - 6 H 20 . 

lGWO 3 .P 2 O 5 .CaO. 5 H 2 O. 22W03.P.205.3(NH4).20.21H20. 

16W03.P205.4K20,2H20. 22W03.P205.4Ba0.32H20. 

1 GW 04 .P 205 . 6 (NH 4 ). 20 . 1 <'H 20 . 24 M 0 O 3 .P 2 O 5 . 62 H 2 O. 

16 w 03 .AS 206 . 6 Agr 20 .ll H. 20 . 24 W 03 .POOS. 53 H 20 . 

18Mo03.V205.8(NH4)20.15H20. 24 MoO 3 .P 2 O 6 . 2 K 2 O. 4 H 2 O. 

I 8 WO 3 .P 2 O 5 .K 2 O.I 9 H 2 O. 24Wo0;,.P206.2K20.6H20. 

18W03.V20a.36H20. 24 WO 3 .P 2 O 6 . 3 K 2 O. 2 IH 2 O. 

I 8 WO 3 .P 2 O 6 . 6 K 2 O. 23 H 2 O. 

24MoO3.P2O3.5(HH4)2O.20H2O. 

24Mo03.6P20.6(NH4)20.7H20. 

It is to be noticed that the ratios of the molecules of trioxide 

* Wolcott Gibb^, Amer. Jour. Sci. (3), 14, 61 ; Amer. Chem. Jour., 2, 217, 
281 ; 6, , 361, 391 ; 7, 209, 313, 392 ; Chem. If'toe, 46, 29, 60, 60 ; 48, 135. 

2 J> 2 
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to pentoxide are 5 : 1, 6 : 1, 7 : 1, 8 : 1, 10 : 1, 16 : 1, 18 : 1, 
20 : 1, 22 : 1, and 24 : 1 ; that the number of molecules of the 
alkaline oxide varies from 1 to 8 ; and that phosphorus trioxide 
and monoxide (the hypothetical anhydride of hypophosphoi^us 
acid) appear also to be capable of union with these trioxides. 

Still more complex bodies have been prepared, containing two 
or more pentoxides of different elements ; or a pentoxide of one 
and a trioxide of another element, for example : — 

14MoO3.8V2O5.P2O6.8(NH4)2O.50H2O ; 48M0O3. V2O,.2P2O6.7(NH4)2O.30H2O ; 
60W08.V205.3P206.10(NH4)20.6H20 ; I6WO3.3V2O5.P2O5.5 (NH4)20.37H20. 

Apparently arsenic, antimonic, niobic, and tantalic oxides, and 
the trioxides of boron, phosphorus, vanadium, arsenic, and anti- 
mony, are capable of forming similar compounds. A quaternary 
compound has even been obtained of the formula 

6OWO3.8P2O5.V2O6.VO2 ISBaO.lSOHgO. 

Some complex uranium compounds occur native, resembling to 
some extent those mentioned above. They are : — 

Frdgerite .. .. 3XJO3.AS2O5.I2H2O ; 

Walpurgin .. .. 3XTO3.5Bi2O3.2A82O6.10H2O ; 

Zeunerite . . . . 2T7O3.As2O5.CuO.8HoO ; 

Uranospinite .. .. 2T7O3.As2O5.BaO.8H2O, and 

UranosphoBrite .. .. T7O3.Bi2O3.H2O. 

They are yellowish or green crystalline minerals. 

Indications also appear to exist of complex molybdotungstates, 
but they have not been investigated. 

Uranyl tungstate, W03.U0^.H.,0, is a brown precipitate. 
Triple compounds have also been prepared of the trioxides of 
molybdenum or tungsten, one of the oxides of sulphur, and the 
oxide of an alkaline metal, but at present there are no precise data 
as to their formulae. 

Oxides of the platinum group of metals also form similar com- 
pounds. Among the few which have been prepared are — 

10 MoO 3 .PtO 2 . 4 Na 2 O. 29 H 2 O and lOWO3.PtO2.4H2O.9H2O. 

They are analogous to the titani- and silici-decimolybdates and 
tungstates. 

‘ The compounds of copper are : — 

8MoO3.4CuO.5H2O ; the meta tungstate, 4WO3.CUO.IIH2O ; the sulpho- 
molybdate, M0S3.CUS ; and the sulphotungstate, WSg.CuS. 

They are obtained by precipitation. 
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The silver salts are : — 

MoOs.AgTaO ; 2W03.A8r30 ; the metatungstate, 4W03.Ag'20.3H20 ; the 
uranate, 2X703.Afir20 ; and the sulphomolybdate and sulphotungstate, 

MoSa.AffgS, and WSa.A^^S. 

They are all insoluble, except the metatungstate. The action 
of hydrogen at the ordinary temperature on silver molybdate 
or tungstate is said to produce sub-argeiitous salts, containing 
the oxide Ag40, but in the light of recent i*esearches this action 
is improbable. 

The following mercury compounds have been prepared: — 

Mo03.Hff20; 2Mo03.H8r20; WOa.HfiTaO; 2W03.3Her0; 3W03.2H8r0; the 
metatungstate, 4'W03.Hg'20.25H20 ; and the sulpho-compounds, MoS3.Her23> 
MoSa.HgrS, WS3.]58‘2S and WS^.HgS. 

These are all produced by precipitation ; even the metatung- 
state is insoluble. Mercurous tungstate, WOa.Hg.O, is completely 
insoluble in water, and on ignition, leaves tungsten trioxide ; hence 
tungsten trioxide is usually separated from other metals and 
estimated by precipitation with mercurous nitrate. 

The tungstates and molybdates generally resemble the sul- 
phates in their formuloo; and these might with reason be written 
from analogy M2M0O4 and M2WO4; and a few uranates appear 
also to possess similar formulae. Salts analogous to auhydro- or 
di-sulphates are also known, such as M2M02O7 = 2Mo0».M20 and 
M2 ^20? = 2W O3.M2O ; the uranates, as a rule, are thus constituted. 
But as nothing is known of the constitution of the more complex 
salts, which, as has been seen, are very numerous, the provisional 
method of writing the formulae of the oxides separately has uni- 
formly been adopted. 

Peruranates. — It has been stated that the solution of a uranyl 
salt yields a white compound of the formula UO4.2H2O2 on treat- 
ment with hydrogen dioxide. This compound when mixed with 
solution of potassium hydroxide gives a precipitate of the hydrated 
trioxide, UO3 211^0, while the salt UO6.2K2O.IOH2O, goes into 
solution, and may be separated as a yellow or orange precipitate 
on addition of alcohol. It may also be producejd by adding hydro- 
gen dioxide to a solution of hydrated uranium trioxide in caustic 
potash. The sodium salt, similarly prepared, has the formula, 
U0(}.2Na20.8H20 ; and by using a smaller amount of alkaline 
hydroxide, the compound UO8.UO3.Na2O.6H2O is formed, an<i 
separates on addition of alcohol. The analogous ammonium com- 
pound has also been prepared. These compounds would lead to 
the inference that an oxide of the formula UOe is capable of 
existence ; but it has been suggested, apparently on insufficient 
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evidence, that they are in reality compounds of uranium tetroxide 
with peroxides of the metals, thus : — U04.2K,02.10H20 ; 
UO4.2Na2O2.8H2O ; and 2UO4.Na2O2.OH2O. They readily part 
with oxygen, forming uranates. Similar permolybdates and per- 
tungstates are said to be capable of existence at low temperatures. 

Persulphomolybdates. — Potassium dimolybdate on treatment 
in solution with hydrogen sulphide yields a mixture of potassium 
sulphomolybdate, MoS;) K2S, and molybdenum trisulphide, M0S3. 
Such a mixture, when boiled with water for some hours, gives ofE 
hydrogen sulphide, and forms a copious precipitate ^ it is collected 
and washed with water until the washings give a red precipitate of 
M0S4 with hydrochloric acid. Water extracts potassium persul- 
phomolybdate, M0S4.K2S from the residue, leaving the disulphide, 
M0S2. On treatment with hydrochloric acid, the tetrasulphide is 
precipitated, and from it the salts may be obtained by treatment 
with sulphides. The alkali and ammonium salts are soluble with 
a red colour ; they yield precipitates, usually red or reddish-brown, 
with soluble salts of the metals. The magnesium salt is an ini- 
soluble red precipitate. 

(d.) Compounds with halides.— No simple oxyfluorides of 
molybdenum are known. But by dissolving molybdates in hydro- 
fluoric acid and evaporating the solutions, compounds isomorphous 
with stannifluorides, SnF4.2MF.H2O, and titani- and zirconi- 
fluorides of corresponding formulm are produced. Molybdoxy- 
fluorides of the genet al formula MoO2F2.2MF.H2O have been 
prepared with potassium, sodium, ammonium, and thallium ; of the 
formula MoO2F2.2MF.2H2O with rubidium and ammonium ; and 
with 6H2O with zinc, cadmium, cobalt, and nickel. 

Tungstoxyfluorides have been similarly prepared ; also one of 
the formula WO3.3NH4F, They are isomorphous with the former 
salts. The oxyfluoride itself is known with uranium, UO2F2. It 
is a white substance produced by evaporating a solution of the 
trioxide in hydrofluoric acid ; and has been obtained in crystals 
by subliming the tetrafluoride, UF4 in air. It also forms double 
salts on mixture; for example, UO2F2.NaF.4H2O; UO2F2.3KF ; 
U O2F2. 5KF ; and 2U O2F2.3KF.2H2O . T hey are crystalline yellow 
bodies. The salt UO2F2.KF is a yellow crystalline precipitate 
obtained by adding a solution of potassium fluoride to uranyl 
nitrate, U0t(N03)2.Aq. 

Oxychlorides and oxybromides of all these elements are known, 
viz.: Mo02Cl2, W02C12, UO2CI2; and Mo02Br2, W02Br2, and 
U02Br2. They are all produced by the action of the halogen on 
the heated dioxides or by heating the trioxides in a current of 
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hydrogen chloride or bromide. They may also be formed by passing 
the halogen over a hot mixture of the trioxide with charcoal ; 
and one, MoOzBr.^, has been prepared by heating a mixture of the 
trioxide with boron trioxide and potassium bromide : — M0O3 -f- 
Bjba + 2KBr = 2KBO, + MoO^Br^. Molybdyl dichloride, 
M0O2CI2, forms square reddish-yellow plates ; it volatilises without 
fusion. The bromide also volatilises in crystalline yellow scales. 
They are soluble in water, alcohol, and ether. Tungstyl dichloride, 
WO2CI2 forms lemon-yellow scales; and the bromide consists of 
scales like mosaic gold. They decompose when heated. Uranyl 
dichloride, UO2CI2, is a yellow crystalline fusible body, volatile with 
diflS-culty ; the bromide forms yellow needles. An oxyiodide is said 
to have been made. 

Molybdyl and uranyl dichlorides form compounds with water, 
M0O2CI2.H2O and UO2CI2.H2O. The first of these is a white 
crystalline substance, very volatile in a current of hydrogen 
chloride ; it is produced, along with the anhydrous body, by 
passing hydrogen chloride over molybdenum trioxide at 150 — 200 °. 
Uranyl dichloride unites with chlorides of the alkalies, forming 
bodies, such as UO2CI2.2KOI.2H2O, similar to the fluorides; the 
corresponding bromide also gives salts, e.y., UO2Br2.2KBr.7H2O. 

Molybdenum and tungsten also form other oxyhalides, M0OCI4, 
WOCli, and WOBr4. These may be named molybdanosyl and 
tungstosyl tetrachlorides, respectively. The first is produced, 
along with molybdyl dichloride, by the action of chlorine on a 
heated mixture of the trioxide with charcoal. It forms green 
easily fusible crystals, which melt and sublime below 100° ; it is 
soluble in alcohol and in ether. The corresponding tungsten 
compound is produced when tungstyl chloride is quickly heated 
above 140 °. It forms red transparent needles ; it melts at 210 * 4 °, 
and boils at 227 * 5 ''. Its vapour density corresponds with the 
formula WOCh. The bromide is similarly prepared by heating 
tungstyl dibromide ; it forms light-brown woolly needles. 

Molybdenum forms some other oxyhalides. The action of 
chlorine on a mixture of molybdenum trioxide and carbon gives, 
besides the compounds already mentioned, two others : MO2O3CI6, 
which forms dark violet crystals, ruby-red by reflected light, and 
volatile without decomposition ; and MO4O5CI10, forming large 
blackish- brown crystals, volatile in a current of hydrogen. The 
first points to a dimolybdic acid, Mo203(OH)fl, but the second is a 
derivative of a lower oxide. 

Molybdous bromide, MoBr2, on treatment with alkali,’ yields a 
solution from which carbonic or acetic acid throws down the 
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hydroxybromide, MOaBrifOH)^, as a yellow sparingly soluble 
precipitate. This body acts as a base, yielding a crystalline 
sulphate, M03Br4.S04, chromate, Mo3Br4.Cr04, molybdate, 
M03Br4.MoO4, oxalate, Mo3Br4,C.>04, and phosphate, 
Mo3Br4.2PO(OH),. * 

The oxychlorides, such as M0O.2CI2 and M0OCI4, point to 
hydroxides like Mo02(OH)2 and MoO(OH)4; these are known 
with all three elements and are the respective acids. 

No sulphohalides are known. 


Physical Properties. 

Mass of one cubic centimetre : — 

M 0 O 2 , 6*44 grains at 16'’. MoO;), 4 39 grams at 21'^. M 0 S 2 , 4*44 — 4*59 gralll^. 
'W’02, 12*11 grams. 'WO3, 7*23 grame. at I?'’. WS.), 6 26 grams at 20“. 

TJO2, 10*16 grams; XTaO^, 7*19 grams; TIO3, 5*02 ~C 26 grams. 

The heats of formation are unknown. 
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CHAPTER XXVI. 

COMPOUNDS OF OXYGEN, SULPHUR, SELENIUM, AND TELLURIUM WITH 

EACH OTHER. ACIDS AND SALTS OF SULPHUR, SELENIUM, AND 

TELLURIUM ; SULPHATES, SELENATES, AND TELLURATES. 

These compounds are most conveniently divided into the two 
classes: — (1) the oxides and their compounds; and (2) the 
compounds of sulphur, selenium, and tellurium with each 
other. 

The following is a list of the oxides : — 

Sulphur. Selenium. Tellurium. 

80 ^; SO3 ; &07t. SeOs. TeO,; TeO,. 

Besides these, the double oxides SSeOi, STe03, and SeTeOa are 
known, analogous to the oxide S20}. 

Sources. — Sulphur dioxide is the only one of these compounds 
occurring native. It is present in the air in the neighbourhood of 
volcanoes, being produced by the combustion of sulphur, and also 
in the air of towns, where its presence is due to the combustion of 
coal, which almost always contains small quantities of iron pyrites. 
Air in the neighbourhood of furnaces where sulphides are roasted 
also contains this gas. It is very injurious to vegetation, and the 
prevention of its presence in the atmosphere in large quantities 
should engage the attention of manufacturers. 

Sulphur trioxide exists in abundance in combination with other 
oxides in sea- water, or on the earth’s surface, as sulphates, and 
selenium trioxide has been found native in combination with lead 
oxide. The more important of the natural sulphates are Glauher't 
salt, or sodium sulphate, Na2SO4.10HoO, which is contained in 
sea- water and in many mineral waters, and when solid, in efflor- 
escent crusts, is named thenardite ; glaserite, K2SO4, in sea-watei 
and sprin g- water ; schonite, K2Mg(S04)2.6H20, anhydrite, CaS04, 
and gypsum, CaS04.2H20 ; celestin, SrS04 ; heavy spar, or 
barytes, BaS04; Epsom salt, MgS04.7H20; feather alum, 

• Pog \ Ann,, 160, 531. 
t Cvmptes rend,, 80, 20, 277 ; 90, 269. 
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A1:(S04)3.18H20 ; alum stoni, A1KS04.2A1(0H)3; copperas, or 
green vitriol , FeS04.?H20; cobalt vitriol, C0SO4.7H2O; angltsite, 
PbS04; lanarkite, a double carbonate and sulphate of lead, and 
leadhill ite, PbS04.Pb0 ; and blue vitriol, CUSO4.5H2O. Lfad 
selenate, PbSe04, has also been found native. 

Preparation. — 1. By direct union.— Sulphur, selenium, and 
tellurium burn with a faint blue flame when heated in air, forming 
the dioxides. Heated in oxygen, the flame of burning sulphur is 
much more brilliant, and of a fine lilac colour. Its combustion 
forms a telling experiment. About 3 or 4 per cent, of the product 
of the combustion consists of sulphur trioxide, SO3. The sulphides 
of many metals, when roasted in air, give the oxide of the metal 
and sulphur dioxide. Iron pyrites containing from 2 to 4 per cent, 
of copper is made use of in its commercial preparation, the copper 
being extracted from the residue. The sulphur dioxide is em- 
ployed directly in the preparation of sulphuric acid. It is also 
a by-product in the roasting of zinc sulphide, in the smelting 
of lead ores (see p. 429 ), and in various other metallurgical 
processes. 

2 . By oxidation of a lower oxide. — Sulphur trioxide is 
thus prepared on a commercial scale. In the laboratory it may 
be prepared by the following method : — 

A dry mixture of gaseous sulphur dioxide and oxygen, the 
dioxide being made to bubble through the wash- bottle containing 
strong sulphuric acid twice as quickly as the oxygen, is led through 
a tube of hard glass, heated to redness, filled with asbestos, pre- 
viously coated with metallic platinum by moistening it with 
platinum tetrachloride, and igniting it. Under the influence of the 
finely-divided platinum, the sulphur dioxide and the oxygen com 
bine, and the sulphur trioxide produced is condensed in a flask. 
To obtain the pure trioxide, water must be rigorously excluded, 
and corks should not be exposed to its action, for they are at once 
attacked. 

By passing an electric discharge of high potential through a 
mixture of perfectly dry sulphur dioxide and oxygen, combination 
takes place between 4 vols. of sulphur dioxide and 3 vols. of 
oxygen to form persulphurio anhydride or disulphur heptoxide, 
S2OT. 

3 . By Inducing a higher oxide.— The trioxides of sulphur 
and of tellurium, at a red heat, decompose into the dioxides and 
oxygen. The vapour of sulphuric or selenic acid also, at a red 
heat, gives water, sulphur or selenium dioxide, and oxygen, and it 
is by this method that a mixture in the requisite proportion of 
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sulphur dioxide and oxygen is obtained on a large scale for the 
manufacture of sulphur trioxide. The sulphuric acid is decom- 
posed by causing it to flow on to red-hot bricks ; and the mixed 
gfises are dried by passage upwards through a tower filled with 
coke, kept moist by strong sulphuric acid.* The mixture is then 
passed over asbestos coated with platinum, as on the small scale 
(see previous page). 

The reduction may also be effected by chemical agency. On 
heating sulphur and sulphuric acid, the dioxide and water are the 
sole products, thus : — 2(S03.H20) S = 3802 + 2H2O. Carbon 
may be used in the form of charcoal ; in this case a mixture of 
carbon dioxide and sulphur dioxide is produced, from which it is 
not easy to separate the carbon dioxide :—2(S03.H20) -f C = 
2SO2 -f GO2 “f 2H2O. Almost all metals, when heated with strong 
sulphuric acid, yield sulphur dioxide, a sulphate and sulphide of the 
metal, hydrogen sulphide, free sulphur, and water. For example, 
with copper, the metal most frequently employed in the form of 
foil or turnings in the ordinary laboratory process for preparing 
sulphur dioxide ;t — 

( 1 .) Cu + 2H2SO4 = CUSO4 H- SIO2 + 2H2O 
( 2 .) 4 Cu + 5H2SO4 = 4CUSO4 + H^S + 41120 ; 

( 3 .) 8Cu + 4II2SO4 = 3CUSO4 + CuS + 4H2O ; 

( 4 .) 4 Cu + 4II2SO4 = 3CUSO4 + CugS + 4H2O; and 
(5.) SO2 + 2H2S 2H2O + 3 S. 

Reaction (1) is that which predominates ; but the other reactions 
doubtless take place, for the products are found in the residue. 

It is probable that these reactions are due to the action of hot 
nascent or atomic hydrogen on sulphuric acid. Thus, the equa- 
tions may also be written : — 

(1 ) Cu + H2SO4 = CUSO4 + 2 R; H2SO4 + 2 E = 2H2O + SO2; 

(2.) H2SO4 + 8/ir = 4H2O + 

( 3 .) CUSO4 + E2S = CuS + 112804; and 

( 4 .) 2CUSO4 + lOS = CU2S + H2SO4 + 4H2O. 

The metals osmium, iridium, platinum, and gold are the only 
ones which withstand the action of boiling sulphuric acid ; but 
strong acid may be evaporated in iron pans, for the iron becomes 
protected by a coating of sulphate, which is insoluble in oil of 
vitriol. 

Gold is, however, attacked by selenic acid ; the acid is reduced 
by it and other metals to the dioxide. Selenic acid is also converted 

• Dipgl. polyt. J., 218 , 128 . 
t Chem. Soc., 33 , 112 . 
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into selenions acid, with evolution of chlorine, by boiling it with 
hydrochloric acid, thus ; — 

H2Se04 + 2HCl.Aq = HoSe03.Aq -f H^O + Ck- 

The oxides S2O3, SSeOa, STeOs, and SeTeOa are also formed 
by reduction. They are produced by dissolving sulphur in fused 
sulphur trioxide ; selenium in sulphur trioxide ; and tellurium in 
strong selenio acid. 

4. By heating compounds.— Both sulphites and sulphates, 
and probably also selenites, selenates, tellurites, and tellurates, when 
heated to a high temperature decompose, leaving the oxide of the 
metal with which the oxide of sulphur, selenium, or tellurium was 
combined. But the dioxides are usually produced, for the tem- 
perature at which decomposition occurs is almost always so high 
as to partially, at least, decompose the trioxides. Anhydrosul- 
phates, such as NUaSaO;, however, give off half their trioxide when 
heated, leaving the monosulphate, Na^SO^. The compounds 
with water, however, in every case, except that of selenic acid, are 
decomposed by heat, yielding the respective oxide. 

Thus a solution of sulphur dioxide in water, presumably con- 
taining sulphurous acid, H2SO3, loses the oxide when boiled; 
selenious and tellurous oxides remain on evaporating their aqueous 
solutions ; the latter, indeed, separates out on warming its solution 
to 40 °; sulphuric acid, H2SO4, when gasified has the density 44 * 5 , 
proving it to have split into its constituent oxides, which, however, 
recombine on cooling; the trioxide is prepared, moreover, by dis- 
tilling anhydrosulphuric acid, H2S2O7, which decomposes thus : — 
H2S2O7 = H2SO4 + SOq; and tellurium trioxide is produced by 
heating the hydrate to a temperature below redness. 

5. By double decomposition. — As this process is usually 
carried out in the presence of water, the hydrates (acids) are the 
usual products. 

6. By displacement. — -This is a convenient method of pre- 
paring sulphur trioxide. Strong sulphuric acid is mixed with 
phosphoric anhydride, care being taken to keep the acid cold 
during mixing. It is then distilled, when the trioxide passes 
over, the phosphoric anhydride having abstracted water from the 
sulphuric acid, thus : — 

H2SO4 + P2O5 = 80 , + 2HPO3. 

A sulphate also, when strongly ignited with silicon dioxide, 
or with phosphorus pentoxide, yields sulphur trioxide, or its pro- 
ducts of decomposition, the dioxide and oxygen. This process 
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finds practical application in the manufacture of glass, where 
silica in the form of sand is heated with sodium sulphate, lime, 
and carbon. The addition of carbon causes the conversion of the 
sulphate into sulphite ; the silica replaces the sulphur dioxide at a 
lower temperature than it would replace the trioxide of the 
sulphate. A double silicate of sodium and calcium is thus 
formed, which constitutes one variety of glass. The method, it 
will be seen, is not available for the preparation of the oxides of 
sulphur. 

Properties. — Sulphur dioxide is a gas at the ordinary tem- 
perature, but it may be easily condensed to a liquid by passing it 
first through a tube filled with calcium chloride, to dry it, and 
then through a leaden worm cooled by a mixture of salt and 
crushed ice. 

It boils at — 8 ° under normal pressure, and melts at about 
— 79°. The liquid oxide is mobile and colourless, and heavier than 
water (1*45). It forms a white crystalline solid when sufficiently 
cooled by its own evaporation. The gas has the familiar smell of 
burning sulphur; it is irrespi cable ; it supports the combustion of 
potassium, tin, and iron, which combine both with its oxygen and 
its sulphur. It is readily soluble in water; one volume of water 
absorbs about fifty times its volume of the gas at the ordinary 
temperature, probably with formation of sulphurous acid, H 2 SO 3 . 
Hence it cannot be collected over water ; but, as its density is 
high (32), it is easy to collect it in a jar by downward displace- 
ment. 

Selenium dioxide is a white solid, volatilising to a yellow 
vapour without melting, at a heat somewhat below redness, and 
condensing in white quadrangular needles. Its vapour has a 
sharp acid odour. It is soluble in water, producing selenious 
acid. 

Tellurium dioxide is a white solid, sometimes crystallising 
in octahedra. It melts to a deep-yellow liquid, and at a high 
temperature it volatilises. It is sparingly soluble in water, and 
does not appear to form the acid. 

Sulphur trioxide crystallises in long colourless prisms, 
arranged in feathery groups ; it somewhat resembles asbestos. It 
melts at 15°, and boils at 46°, producing dense white fumes with 
the moisture of the air. Its molecular weight, as shown by its 
vapour density, is 80. It unites with water with great violence, 
hissing like a red-hot iron. It is made in considerable quantity, 
being used in the manufacture of alizarine or turkey-red, and 
other ai'tificial dyes. 
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When this bodj is kept for some time at a temperature', 
below 25®, it changes into another modification which crystallises 
in thin needles. When heated above 50° it gradually liquefies, 
and changes into the first modification. It is distinguished 
from the first modification by the difficulty with which it dfs- 
solves in H2SO4. and by its crystallising out of the solution un- 
changed. 

There appear to be indications of the existence of an oxide 
S2O6 ; for sulphur trioxide dissolves the dioxide in large amount, 
and the solution is stable up to 5°. 

Ho attempts to prepare selenium trioxide have succeeded. 
The acid, when heated, decomposes into selenium dioxide, oxygen, 
and water. Selenious anhydride is the only product of the action 
of oxygen, even in the state of ozone, on selenium. 

Tellurium trioxide is an orange-yellow insoluble substance, 
which does not dissolve even in hydrochloric or nitric acid. 
When strongly heated, it loses oxygen, producing tellurium 
dioxide. 

Sulphur, selenium, and tellurium dissolved in pure melted 
sulphur trioxide give respectively blue, green, and red substances. 
The sulphnr and tellurium compounds have been isolated, and 
have been shown to have the formulae S2O3 and STeOa ; it is pre- 
sumed that the others are similarly constituted. Selenium and 
tellurium also dissolve in concentrated selenic acid, doubtless form- 
ing similar compounds. The sulphur compound is insoluble in 
perfectly pure sulphuric anhydride, and may be separated from it 
by decantation. It decomposes, on exposure to air at ordinary 
temperatures, into sulphur dioxide and sulphur. It dissolves in 
strong sulphuric acid, and, on diluting the acid, it is decomposed. 
The tellurium compound appears to exist in two modifications, a 
red one, and a bufE- coloured, obtained by heating the red variety 
to 90°. 

PersulpHuric anhydride, S2O7, at the ordinary temperature 
forms an oily liquid ; when cooled to 0®, it solidifies in long thin 
transparent flexible needles. It sublimes easily, and decomposes 
spontaneously on standing for a few days. It dissolves in strong 
sulphuric acid ; it is immediately decomposed by heat. 

A. CompouuLds with water and oxides; acids and salts 
of sulphur, selenium, and tellurium. 1 .—Compounds of th^ 
trioxides; sulphuric, selenic, and telluric acids; sulphates, 
selenates, and tellurates. 

The trioxide of sulphur dissolves in water with evolution of 
great heat, forming various hydrates, according to the relative 
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proportion of oxide and water. The following have been 
isolated : — 

SO3.5H2O; SO3.3H2O; SO3.2H2O; SO3.H2O = H2SO4; 

f 2SO3.H.O = H^S^Ot. 


Those containing less water than ordinary sulphuric acid are 
more conveniently produced by dissolving sulphur trioxide in the 
ordinary acid ; those containing more, by pouring ordinary sul- 
phuric acid into water. Salts have been produced corresponding 
to the acids H2SO4 and H2S2O7 ; they are named sulphates, and 
pyrosulphates or anhydrosulphates respectively. 

On boiling a solution of sulphuric acid in water, the water 
evapomtea, and the acid becomes more and more concentrated, 
until it acquires nearly the composition expressed by the formula ' 
H2SO4 ; on further heating, this compound dissociates into trioxide, 
or anhydride, /SO3, and water, both of which evaporate together. 

Some of these hydrates may be dismissed in a few words. The 
hydrate, SO3.5H2O = H2SO4 4 H2O, crystallises out on cooling sul- 
phuric acid containing the correct amount of water to a veiy low 
temperature. It melts at — 25 °. H3SO4.2H2O is the point of 
maximum contraction of sulphuric acid and water, but has not 
been obtained in a solid state; and H2SO4.H2O is also obtained 
by cooling a mixture in the correct proportion. It melts at 8°. 
The cot responding selenic acid, H2Se04.H20, melts at 25 °. The 
monohydrate requires particular attention. 

Sulphuric acid, ‘‘oil of vitriol,” H2SO4. — Sul[)hur trioxide, 
as has been mentioned, is decomposed by heat, and hence it cannot 
be produced in quantity by the combustion of sulphur in air or 
oxygen, for the temperature of burning sulphur is higher than that 
at which the trioxide decomposes. Hence an indirect method of 
preparation must be chosen. It can be prepared in aqueous 
solution by oxidising sulphur; for example, when boiled with 
nitric acid, that acid parts with its oxygen, oxidising the sulphur 
to sulphuric acid, while oxides of nitrogen are liberated. Sulphur 
may also be oxidised on treatment with chlorine and water, 
thus : — 

S + 3 Ch + 4H2O = H2SO4 + 6 HC 1 . 

It will be remembered that the halogen acids may be prepared 
by the action of the halogens in presence of water on hydrogen 
sulphide (see p. 106 ) ; and, similarly, an aqueous solution of sulphur 
dioxide is oxidised to sulphuric acid by their action. Chromic 
adid ahd other oxidising agents also effect such oxidation. 



416 THE OXIDES, SULPHIDES, SELENIDES, AND TELLURIDES, 


But such processes are too expensive to be used in manufacture. 
The main outlines of the process actually in use are given here ; 
the details and the connection of this with other manufactures 
will be described later (see p. 667 ). 

Sulphur dioxide at once attacks nitrogen peroxide, NO2. With- 
out discussing intermediate products, which will be afterwards 
considered, the 6nal reaction, in presence of water at least, is 
SO2 NO2 4 - II2O = SO3.H2O NO. In presence of air, as 
has been seen on p. 333 , nitric oxide is oxidised to a mixture of 
peroxide and tetroxide, NO2 and W2O4. These gases again part with 
their oxygen when brought in contact with a fresh supply of sulphur 
dioxide. In theory, then, a small amount of nitrogen dioxide is 
capable of converting an indefinite amount of sulphur dioxide, in 
presence of oxygen and water, into sulphuric acid. The nitrogen 
dioxide required for this process is derived from nitric acid, pre- 
pared in the usual manner, i.e., from sodium nitrate and sulphuric 
acid. On bringing it into contact with sulphur dioxide, it is 
reduced, and gives an effective mixture of oxides of nitrogen. 
This process may be illustrated by the following experiment : — 
D is a flask containing copper turnings and strong sulphuric 



acid, from which, on applying heat, sulphur dioxide is generated. 
B is a similar flask containing copper turnings and dilute nitric 
acid, and yields a supply of nitric oxide when warmed. E is a 
flask containing water. The delivery tubes of these flasks all 
enter the large balloon. A, through a large perforated cork; a 
glass tube passes to the bottom of the globe through a fourth hole 
in the cork, and serves as an exit tube for any excess of gas. 
Nitric oxide is first passed into the globe. It unites with the 
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oxygen of the air, forming a mixture of the dioxide and peroxide, 
which are at once noticeable as red fumes. Sulphur dioxide is 
passed in next, and reacts with the peroxide ; it will be noticed 
tha^ the sides of the globe soon become covered with radiating 
crystals. These are described later ; they consist of hydrogen 
nitrosyl sulphate, S02(0H)(0N0), and are) known as “chamber 
crystals.” Steam is then passed into the globe by boiling the water 
in the flask, E. The crystals disappear and the liquid which 
collects in the globe is dilute sulphuric acid. It may be concen- 
trated by evaporation in a porcelain or platinum basin, till its 
strength is little below that indicated by the formula H2SO4. 

Selenic acid’*^ naay be prepared, like sulphuric acid, by the 
action of chlorine water on selenium, or, better, on selenious acid ; 
but on concentration, the selenic acid is reduced by the hydro- 
chloric acid with evolution of chlorine, A better plan is to 
saturate a solution of selenious acid with chlorine gas, thereby 
converting that acid into selenic acid ; ' to saturate the mixed 
selenic and hydrochloric acids with copper carbonate, forming a 
mixture of copper selenate and chloride ; to evaporate to dryness, 
and extract with alcohol, which dissolves the copper chloride, 
leaving the selenate ; and, finally, to dissolve the selenate in water, 
and liberate the selenic acid by precipitating the copper as sul- 
phide by a current of hydrogen sulphide. After filtering off the 
copper sulphide, the selenic acid is concentrated by evaporation. 
It can be obtained nearly anhydrous by evaporation in a vacuum 
at 180 °. The acid has then the formula H^SeO*. A higher tem- 
perature decomposes it into selenium dioxide, water, and oxygen. 
One other hydrate of selenium trioxidohas been prepared by cool- 
ing a solution of the acid of the requisite strength to — 32 °. It 
has the formula H2Se04.H20, and melts at 25 °. Attempts to 
prepare other hydrates in the solid state have not been successful. 

Telluric acid is produced in solution by treating the barium 
salt (obtained by heating tellurium with barium nitrate) sus- 
pended in water, with the requisite amount of sulphuric acid, and, 
after filtration, concentrating the acid by evaporation. Colourless 
hexagonal prisms of the formula H2Te04.2H20 separate out on 
cooling. It loses its water a little above 100 °, leaving the acid 
H 2 Te 04 as a white solid. 

These acids are also produced by the action of water on the 
chlorides, SO2CI2, Se02Cl2, and Te02Cl2. 

Sulphuric and selenic acids are dense, viscid, colourless 


2 £ 
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Uijuids, exceeding’ly corrosive, inasmuch as they abstract the 
elements of water from many organic substances containing carbon, 
hydrogen, and oxygen. A piece of wood placed in strong sul- 
phuric acid is blackened and charred, and siii»ar placed in coivtact 
with it is converted into a tumefied mass of impure (carbon. Pure 
anhydrous sulphuric acid, H^SOi, is, however, a solid, melting at 
and selenic acid, H^SeO^, melts at 58\ The jn*esence of a 
mere trace of water greatly lowers the meltiug points of these 
bodies. 

The hydrate of telluric acid, H2Te04.2H20, dissolves slowly, 
but to a considerable extent in water. The anhydrous acid, 
H2Te04, can be dissolved only by prolonged boiling with water. 

These acids cannot bo said to boil, in the purely physical 
sense of the word At the ordinary temperature, sulphuric acid, 
if perfectly pure, gives oil sulphur trioxide, hence the only method 
of obtaining an acid precisely corresponding to the formula H2SO4, 
is to add sulphuric anh} dride to ordinary oil of vitriol. When 
concentrated by evaporation as far as possible, the acid contains 
about 98 per cent, of H2SO4. On further heating to 827°, this acid 
dissociates with ayipareut ebullition into water and trioxide, which 
recombine on cooling, forming an acid of the same composition. 
By taking advantage of the different rates of diffusion of water- 
gas and sulphuric anhydride, which possess respectively the 
densities 9 and 40, and whose ratio of diffusion is therefore as 
a/40: a/9, a much stronger acid has been obtained. Acid con- 
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taming 5 per cent, of water was boiled in a flask, while a gentle 
current of air passed downwards through* 'a tube, sealed on to 
the bottom of the other flask ; after an hour, the composition of 
thj remaining acid was approximately 60 per cent, of H2SO4, and 
40 per cent, of SO3. This process of concentration is not applied 
oil a laige scale. 

Pure selenic acid begins to decompose into dioxide, oxygen, and 
water at about 200”. On distilling dilute selenic acid, water passes 
over up to 205”; a little dilate acid then begins to distil over, and, 
at 260°, white fumes appear, containing a little trioxide, but for 
the most part consisting of selenium dioxide. 

Telluric acid is non-volatile, and parts with its water below a red 
heat, leaving the anhydride, TeOa. 

A great rise of temperature is produced by the action of water 
on sulphuric and selenic acids, due to their combination with it to 
form hydrates. 

The specific gravity of ordinary sulphuric acid is approximately 
184 at 15” ; that of selenic acid, 2'61 at 15® ; and of telluric acid, 
3-42 at 18-8®. 

Sulphates, selenates, and tellurates. — These salts are ob- 
tained by the action of the acids on aqueous solutions of the 
hydroxides or carbonates of the metals; by the action of the con- 
centrated acids at a high temperature on most metals, with evolu- 
‘ tion of the dioxides ; by the action of aqueous solutions of the 
acids on many of the metals themselves, on the oxides, or hydroxides, 
and on some of tlie sulphides ; and by heating a mixture of the 
acid and a halide, nil rate, or acetate of a metal, or, in short, wiih 
any salt containing a volatile or decomposable oxide. Thus, for 
example : — 

H2SO4 Aq + 2KOH.Aq = K2S04.Aq + 2II2OJ 
TeOg + NasCOg.Aq = NagTeO^-Aq + COg ; 

PI2S64 Aq + Zn = ZnS()4 Aq + iTg; 

H 2 Se 04 Aq + CuO = CuSe 04 Aq + HgO ; 

H 2 S 04 .Aq + FeS = FeS 04 .Aq + IT^S i 
112864 4 2NaCl = Na 2 S 04 + 2HCI ; 

110804 Aq + CaSO, = CaS04 + SO^ + Aqj 
Il2^t-f4 "I" CaSiOj = CaSOg 4* 

The salts of calcium, strontium, barium, and lead are insoluble, 
or nearly insoluble, and may therefore be produced by addition of 
a soluble sulphate, selenate, or tellurate, to the solution of a soluble 
salt of one of these metals, thus : — 

CaCl^.Aq + l^a^SO,.Aq = CaSO, + 2NaCl.Aq ; 

Pb(N03)2.Aq 4- K2Se04.Aq = PbS04 + 2KNO3 Aq. 

2 B 2 
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The other sulphates and selenates are soluble in water. Many 
of the tellnrates are insoluble, and may be produced by precipita- 
tion. The sulphates are also formed by the oxidation of sul- 
phides by boiling with nitric acid ; by the action of chloijine 
water ; or by the action of air. 

X.i2S04.H!20 j jNra2^04*7« and IOH2O ; El2S04j RI32SO4; OS2SO4J (lTJti.4}2SU4*“~' 
Na 2 Se 04 . 10 H 20 j K 2 Se 04 ; (NH 4 ) 2 Se 04 .— K2Te04.5H20; (NH 4 ) 2 Te 04 . 

Lithium sulphate crystallises in flat tables, easily soluble in 
water and alcohol. Sodium sulphate occurs anhydrous as thenar- 
dite ; and when crystallised with IOH 2 O it is known as Qlauher's 
salt. It is prepared in immense quantity from common salt and 
sulphuric acid, as a preliminary to the manufacture of sodium car- 
bonate, and is then termed “ salt-cake.** It is also produced by 
passing a mixture of steam, air, and sulphur dioxide through 
sodium chloride, heated to dull redness (Hargreave’s process). It 
is obtained as a residue in the preparation of nitric and of acetic 
acid ; of ammonium chloride ; and of common salt by the evapora- 
tion of sea- water. It crystallises in an anhydrous states from water 
at 40° in rhombic octahedra. It is insoluble in alcohol, but very 
soluble in water ; 100 parts of water dissolve 12 parts at 0 °, and 
48 parts at 18®. It crystallises with IOH 2 O in large, colourless, 
monoclinic prisms. Crystals with 7 H 2 O are deposited below 18®. 
On raising the temperature of a saturated solution above 33®, the 
anhydrous salt deposits, hence it appears to possess a lower solu- 
bility at high than at low temperatures. This apparent abnor- 
mality is doubtless explained by the dissociation of the solution 
of the decahydrate, Na 2 SO 4 . 10 HaO, as the temperature rises. 
Sodium selenate is isomorphous with and closely resembles the 
sulphate. The tellurate has not been carefully examined. 

Potassium sulphate crystallises from the aqueous extract of 
kelp (burned seaweed), in trimetric prisms or pyramids. It is 
among the least soluble of the potassium salts, 100 parts of water 
dissolving 8'36 parts at 0°. It is insoluble in alcohol. Both 
sodium and potassium sulphates have a saline bitter taste, and a 
purgative action. Potassium selenate is produced by fusing 
selenium or potassium selenite with nitre, and crystallisation from 
water; it resembles the sulphate. The tellurate forms rhombic 
crystals ; they deliquesce in air, becoming converted by carbon 
dioxide and water into carbonate and ditellurate. Rubidium and 
caesium sulphates resemble that of potassium, but are much more 
soluble in water. . Ammonium sulphate, selenate, and tellurate are 
isomorphous with potassium sulphate, but are more soluble. The 
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sulphate, when heated, decomposes above 280 ®, yielding ammonia 
water, and nitrogen, and a sublimate of hydrogen ammonium 
sulphate ; the selenate gives, first, hydrogen ammonium selenate, 
ancl then selenium, its dioxide, water, and nitrogen. These salts, 
with the exception of lithium sulphate, are all insoluble in alcohol. 

Double salts:— HLiS04; HNaS04; HKSO4; H(NH4)S04.— HKSe04 ; 
H(NH4)Se04.— HNaTe04; 2HKTe04.3H20. -HNa, (804)2 ; H.iNa (804)3 ; 

HK,(S 04 ) 2 ; H 3 K^S 04 ) 2 ; LiK 8045 NaK 3 (S 04 ) 2 ; H 2 K 4 ( 804 ) 3 ; Ll 4 (NH 4 ) 2 (S 04 ) 3 ; 
1.12X4(804)3, NaK,(S 04 ) 3 ; HK 3 (Te 04 ) 2 . 

These substances are white crystalline bodies, very soluble in 
water, and also, as a rule, in alcohol. They are produced by 
mixture and crystallisation. Bisulphate of potassium, as hydrogen 
potassium sulphate is generally named, is used in decomposing 
various minerals, which are for that purpose reduced to fine 
powder, mixed with the salt, and fused. When carefully heated 
it loses water and yields the anhydrosulphate, or true disulphate, 
K3S2O7. Sodium tripotassium sulphate is technically named plate- 
salt^ from its crystallising in hexagonal plates ; it deposits on 
cooling an aqueous extract of kelp. 

The existence of the more complex double sulphates leads to 
the conclusion that the molecular formulae of the ordinary sul- 
phates are not so simple as they are usually written. Such 
formulae as H2K4(S()4)3 and NaK6(S04)3, lead to the conclusion 
that the formula of potassium sulphate is probably at least 
K6(S04)3. Double salts with other acids are also known; e.p., 
K2SO4.HNO3 and K2SO4.H3PO4 separate from solutions of potas- 
sium sulphate in nitric or phosphoric acid. They are, however, 
decomposed by water. The existence of such salts would also 
favour the supposition of greater complexity of molecule. 

BeS04.2, 4 , and 6H2O; Ca804 2H20j 2Ca804.H20 ; 8rS04. BaS04. — 

Be8e04.4H20 ; Ca8e04.2H20 ; SrSe04 ; Ba8e04. — 

CaTe 04 ; SrTe 04 ; BaTe04.3H20. 

With the exception of beryllium sulphate, which is soluble, 
all these compounds may be prepared by precipitation. Beryllium 
sulphate forms quadratic octahedra ; it is insoluble in alcohol but 
very soluble in water. On evaporation with beryllium carbonate, 
it yields gummy basic salts of the formal® 

SOg.2BeO.3H2O; SO3.3BeO.4H2O; SO3.6BeO.3H2O. 

Calcium sulphate occurs abundantly in the native form in salt 
mines. When anhydrous, it forms trimetric prisms, and is named 
anhydrite ; and with two molecules of water it is gypsum ; indivi- 
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dual varieties of gypsum are named selenite^ alabaster^ and satin- 
spar ; sdenite forms transparent colourless monoclinic crystals; 
the massive variety is alabaster ; and satin-spar is fibrous. When 
gypsum is heated and ground it forms “ plaster of Paris,” a 
material much employed in taking casts, and as a cement. The 
dihydrated calcium sulphate becomes anhydrous and falls to a 
powder when heated ; on mixing* the powder with water, a pasty 
mass is produced with which casts may be taken. After a few 
minutes it hardens, expanding slightly at the same time, and 
forms a fine white material. Plaster of Paris, mixed with a 
saturated solution of potassium sulphate, gives a paste which 
solidifies more rapidly than ordinary plaster of Paris, and has a 
nacreous lustre ; for certain purposes this mixture is to be 
prefeiTed to the ordinary one. A double salt K 2 Ca(S 04 ) 2 .H 20 , is 
produced. Hydrated calcium sulphate is very sparingly soluble 
in water, and is more soluble in cold than in hot water (1 in 420 
at 20°). This is probably due- to the solution containing the 
dihydrated compound, which loses water, becoming insoluble as 
the temperature rises. It is much more soluble in weak hydro- 
chloric or nitric acid; or in presence of common salt, or of sodium 
thiosulphate. Its solubility in the last affords a method of sepa- 
rating calcium from barium. Calcium sulphate melts at a red 
beat. The selenate closely resembles the sulphate in preparation 
and properties, and is isomorphous with’ it. It is reduced to the 
selenite, however, when boiled with hydrochloric acid, chlorine 
being evolved. 

Calcium tellurate is a white precipitate, soluble in hot water. 

Strontium sulphate, SrSO*, occurs native as ccelestin in tri- 
metric crystals. It is soluble in about 7,000 parts of cold water ; 
it fuses at a bright red heat. The selenate resembles it. 

Barium sulphate occurs as heavy-spar or barytes^ in large 
quantity ; it forms trimetrio crystals. A solution of barium 
chloride or nitrate is the common reagent for sulphuric acid. On 
adding it to a sulphate, a dense white precipitate is produced, 
practically insoluble in water and acids. Its insolubility serves to 
distinguish it from most other bodies of similar appearance. In 
estimating sulphuric acid, it is always weighed in the form of 
barium sulphate. It is unaltered by ignition ; when heated with 
charcoal or coke, however, it yields barium sulphide ; and this is 
the usual process of preparing compounds of barium, since the 
sulphide dissolves in acids. Barium sulphate reacts to a limited 
extent when boiled with a solution of sodium carbonate; a 
portion is converted into carbonate, thus : — 



SULPHATES, SELENATES, AND TELLURATES. 


423 


BaSOi 4- N’aaCOa.Aq = BaCOa 4- Na 2 S 04 .Aq. 

But the reaction is incomplete. It is only after removal of the 
sodium sulphate and replacement by fresh sodium carbonate that 
further decomposition takes place. On fusion with excess of sodium 
or potassium carbonate, however, it is completely converted into 
carbonate. Barium sulphate has been used as a pigment under the 
name permfinent white ; it has too little body, and hence it is 
generally mixed with white-lead or zinc- white (ZnS). Barium 
selenate closely resembles the sulphate, but it is decomposed on 
boiling with hydrochloric acid, selenious acid and chlorine being 
formed. This serves to distinguish it, and to separate it from 
the sulphate. The tellurate is fairly soluble in warm water. 

Double sulphates, selenates, and tellurateSi — K2Be(S04)2; ^jCa (804)2; 
H2Sr(S04)2; H2Ba(S04)2, also with 2H2O; HfiCa(S04)4; Na2Ca(S04)2; 
Na2Ba(S04)2; Na4Ca(S04)3.2H20 ; K2Ca2(S04)3.3H20 ; H>Ba(Te04)2.2H20. 

Hydrogen calcium and barium sulphates are crystalline bodies 
produced by dissolving the ordinary sulphates in strong sulphuric 
acid and crystallising. They are decomposed by water. The 
tellurate is soluble in water. The double salts are prepared by 
digesting the simple salts with sodium or potassium sulphate ; 
that of calcium crystallises out with 2 H 2 O, but at a higher 
temperature loses water, and is then identical with the mineral 
glauherite^ crystallising in rhombic prisms. 

MerS04.7, 6, and IH2O; ZnS04.7, 6, 5 , 2 , and IH2O; CdS04.4H20, 
also IH2O, and 3CdS04 8H2O.— MgSe04.7H20 ; ZnSe04 7 , 6 , and 2H2O , 
CdSe 04 . 2 H 20 .— Me:Te 04 ; CdTe 04 . 

These salts are all easily soluble in water, except magnesium 
and cadmium tellurates, which are produced by precipitation from 
concentrated solutions. Magnesium sulphate, as Epsom salt, 
MgSOi 7 H 2 O, and as hieserlte^ MgS 04 .H 20 , occurs native in 
caves in magnesium limestone and in the salt-beds of Stassfurth. 
It is a frequent constituent of mineral waters. It has a bitter 
taste and a purgative action. It is made on the large scale by 
treating dolomite, a carbonate of magnesia and calcium, or serpentine, 
a hydrated silicate, with sulphuric acid. The hepta-hydrated sul- 
phates and selenates of magnesium and zinc are isoraorpbous, and 
crystallise in four-sided right rhombic prisms. When heated to 
150° they lose 6 H 2 O, but retain the seventh molecule even at 200 ”. 
Anhydrous magnesjum sulphate melts at a red heat ; the cadmium 
and zinc salts lose trioxide, leaving the oxides. These salts are 
insoluble in alcohol. Zinc sulphate, digested with hydroxide, 
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yields several basic sulphates : SO3.2Z11O ; SO3.4ZllO.lO and 
2H20; SOa.OZnO.lOHzO ; and SO3.8ZnO.2H2O. With excep- 
tion of the first, they are (jrystalline bodies. 

Mixed salts. — < 

H2Mg:(S04)2; H8M8r(S04\; Na2Mff(S04)2.6H20; 
K2Mgr(S04)2.6H20 , K2Ca:Mff(S04)4.2H20 ; 

Na2Zn(S04)2.4H20 ; (NH4)2Zn(S04)2.6H20 ; 

Mg-Zn(S04)2l4H20 ; Na2Cd(S04)2.6H20, 

and other similar salts. These are all soluble, and are prepared by 
mixture. 


B2(S04)3.H20:Sc2(S04)3.6H20; Y2(S04)3.8H20 ; 

Selenates and tellurates have not been prepared. Boron sulphate 
is a white mass, produced by evaporating boron trioxide with sul- 
phuric acid.* It is decomposed by water. The other salts of the 
group are white and crystalline. 

Bouble salts. — 

H3B(S04)3; (NH4) Sc (804)2; K4Sc 2(S04)3; Na3Sc(S04)3.6H20 ; 

K3Y(S04)8.»H20; Na3Y(S04)3.2H20; (NH4) Da (,804)2 4H2O; K3La(S04)3. 

These salts are sparingly soluble, and are produced by mixture. 

Al2(S04)3.18H20 j Ga2(S04)3; 1112(804)3.^20; Tl 2 (S 04 ) 3 . 7 H 20 .— 

Al2(Se04)3.7jH20 ; and the thallous salts TI2SO4; HTISO4 ; and Tl2Se04. 

Sulphate of aluminium, containing I8H3O, occurs native as 
(ilunogen, or feather alum ; it forms delicate fibrous masses or 
crusts. It is known in commerce as “ concentrated alum,^’ and 
is prepared by heating finely ground clay with strong sulphuric 
acid until the latter begins to volatilise. After lying some days, 
it is treated with water ; the solution is freed from iron by pre- 
cipitating it as ferrocyanide, or by addition of certain peroxides, 
such as those of lead or manganese ; it is then evaporated to 
dryness and fused. It crystallises with difficulty, being exceed- 
ingly soluble (I in 2 parts of water) ; its crystallisation may be 
furthered by addition of alcohol, in which it is insoluble. Basic 
salts are known, produced by the action of hydrated alumina on 
the ordinary sulphate, by incomplete precipitation with ammonia, 
or by the action of zinc on a solution of ordinary sulphate. These 
are said to have the forraulse 3SO3.2AI2O3; 3SO3.3Al2O3.9H2O 
(occurring native as alumimte) ; 3SO3.4AI2O3.36H2O ; and 

3SO3.5AI2O3.2OH2O. The selenate closely resembles the sulphate, 


* J. Frakt Chem. (2), 88, 118. 
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and yields corresponding basic salts. The tellurate is a white pre- 
cipitate. Gallinm sulphate, Ga 2 (S 04 ) 3 , is very soluble, and crystal- 
lises in nacreous scales ; indium sulphate has been obtained only as 
a ^mmy mass ; and thallic sulphate forms thin colourless laminje, 
which are decomposed by water into the hydrated trioxide and sul- 
phuric acid. 

Thallous sulphate and selenate crystallise in anhydrous rhom- 
bic prisms isomorphous with potassium sulphate. They are soluble 
in water. They establish a link between the aluminium and the 
potassium groups. 

Double salts. — The alums. — These bodies are very numerous. 
They all crystallise in regular octahedra, are soluble in water, and 
have the general formula M'M'"R04.12H20, where M' stands for 
lithium, sodium, potassium, rubidium, caesium, ammonium, thal- 
lium (as a thallous compound), or silver; M'" for aluminium, 
gallium, indium, chromium, ferric iron, manganic manganese, or 
cobaltic cobalt;* and R for sulphur or selenium. Tellurium 
alums do not seem to have been prepared. The number of possible 
different alums is therefore 96 ; of these some 25 have been pre- 
pared. Alums containing aluminium, gallium, and indium are 
(!olourless ; chromium alums are very deep purple ; iron alums, 
pink; and manganese alums, brownish-red. As they are all iso- 
morphous, they crystallise together. For example, an alum con- 
taining aluminium and potassium placed as a nucleus in a solution 
of chromium alum becomes covered with a regular deposit of the 
latter, and a coating of iron alum may be deposited on the 
exterior. 

Alums are prepared by mixing solutions of the sulphates or 
selenates of the two metals, and crystallising. Tlie most important 
are potassium aluminium sulphate, and ammonium alumi- 
nium sulphate, KA1(S04)2.12H20, and NH4A1(S04)2 12H2O. 
Ammonium alum, which also occurs native as tcUeri)iigite^\'& prepared 
by mixture ; 100 parts of water dissolve 5*22 parts at 0°, and 421'9 
parts at 100°. Potassium alum is prepared on a very large scale 
by calcining aluminous schists, which are essentially impure sili- 
cate of aluminium containing quantities of iron pyrites and car- 
bonaceous matter. The pyrites on ignition forms ferrous sulphate, 
FeS 04 , and free sulphuric acid. The ignited mineral is methodi- 
cally extracted with water, and the liquors are concentrated in 
leaden pans, giving an acid solution of aluminium sulphate con- 
taining ferrous or ferric sulphates. To this liquor, a concentrated 


* Proc, Boy. Soc, JEd,, 123, 208. 
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solution of potassium chloride is added. It is preferable to the 
sulphate, for it forms, with the iron sulphate, uncrystnllisable 
ferric chloride along* with potassium sulphate. After settling, it 
is run into coolers to ‘crystallise. The confused crystals which 
separate are washed, drained, dissolved in fresh water, and^e- 
crystallised in casks. It is sometimes freed from iron before the 
second crystallisation by one of the methods already described 
(p. 424). 

The chief use of alum is as a mordant in dyeing; the sulphate 
and acetate of aluminium are used for the same purpose. When 
cloth or any mineral or vegetable fibre is boiled in such a solution, 
it becomes impregnated with hydrated alumina ; and when treated 
with a dye, a triple combination appears to take place between the 
fibre, the alumina, and the colouring matter. 

Some basic sulphates of aluminium occur native. These are 
nlunite^ 4S03.K20.i-lAl20H dH^O, found at Tolfa, near Civita 
Yecchra, at Solfatara, near Naples, and at Puy de Garcy, in the 
Auvergne. It forms rhombohedral crystals, and is used for the 
manufacture of Roman alum, which has been prepared from it 
from very early times. When it is calcined at a moderate beat, 
the hydrated alumina loses water, and on lixiviation, alum dis- 
solves, and may bo crystallised as usual. The basic sulphate, Idwigite, 
4S03.K.0,dAl203.H20, is also a natural product. 

The difference of solubility of potassium alum from that of ru- 
bidium and CBPsium alums has afforded a means of separating from 
each other these elements, which almost always occur together. 
Rubidium and cassium alums are insoluble in a cold saturated solu- 
tion of potassium alum ; hence, on concentrating such a mixture, 
the first portions of the crystals consist chiefly of the former. 
Caesium alum is likewise insoluble in a saturated solution of 
rubidium alum, and may be separated from the latter in a similar 
manner. 

Mn(S04)2 . — Produced by dissolving potassium permanganate, 
KMnO*, in a mixture of 500 grams of sulphuric acid and 150 of 
water. It is a yellow substance, which deposits a basic sulphate 
as a black powder of the formula MnO.SO^. 

Cr2(S04)3.15 and 5 H^O; Fe2(S04)3.9H,0; 1^112(804)3.— There 
are two hydrated varieties of chromium sulphate, a green and a 
violet. The green salt is produced when the sulphate is pro- 
duced by the ordinary methods above 50°, or by heating the violet 
variety to that temperature ; it is soluble in alcohol. The violet 
variety is produced in the cold; it is also formed when the green 
modification is allowed to stand. It is precipitated by alcohol, 



SULPHATES, SELENATES, AND TELLTJRATES. 


427 


and crystallises best from a mixture of alcohol and water. On 
heating either variety with excess of sulphuric acid to above 190 °, 
a light yellow mass of anhydrous sulphate is obtained, insoluble in 
wa^er, and with difficulty in acids. Several basic salts are known, 
produced by digesting a solution of the ordinary salt with 
chromium hydrate, or by incomplete precipitation. Among these 
are 2S03.Cr303; 2S03.3Cr203; and 3S03.2Cr203. They are 
insoluble and amorphous. Ferric sulphate, Pe2(S04)3.9H20, 
seems native as cocjuimbite. It is produced by oxidising ferrous 
sulphate with nitric acid in presence of strong sulphuric acid : 
2PeS04 -I- H2SO4 -H O = Fe2(S04)3 -f H2O. It forms small pink 
scales, and is very difficult to dissolve in water. Manganic sulphate 
is a non-crystalline green substance produced by heating the 
hydrated dioxide with sulphuric acid. Many basic sulphates of 
iron and manganese are known, which resemble those of chromium. 
The double salts of these oxides, or alums, have already been 
noticed. A sulphato-nitrate of chromium, Cr2(S04)(N0^)4is pro- 
duced by dissolving the hydrated basic sulphate, Cr2(SOi)(OH)4. 
in strong nitric acid. The salt Cr2(S04)2(N03)2 is also known. 


CrS04.Aq; FeS04.7, 5 , 3 , 2 , and IH2O ; MnS04.7, 6 , 5 , 4 , and 2H2O; 

C0SO4.7, 6 , and 4H2O ; NiS04.7 and GHgO. 

reSe04.7 and SHgO ; CoSe04.7H20; Ni2Se04.7 and 6H2O. 

FeTe 04 ; MnTe 04 ; CoTe 04 ; NiTe 04 . 

Chromous sulphate has been obtained as a blue solution, by 
dissolving the metal in dilute acid. Like all chromous salts, it 
has powerful reducing properties. Ferrous sulphate occurs native 
as green vitriol or copperas, produced by the atmospheric oxidation 
of iron pyrites. It usually crystallises with 7H2O, in light-green 
monoclinic crystals, which absorb oxygen slowly in moist air, 
forming a basic ferric sulphate (said to be 2(S03.Fe,0j).H,0), 
but in dry air they are permanent. When heated to redness it 
evolves sulphur dioxide, and a basic sulphate remains, which, on 
further heating, leaves a residue of ferric oxide, and yields a dis- 
tillate of sulphur trioxide. This residue is named rouge, and used 
to be known as “ colcothar vitrioli,*^ or “ caput mortuum'^ ; it is used 
as a pigment. Ferrous sulphate has been obtained with different 
amounts of water, according to the temperature at which it is 
crystalised ; the hydrates with 3 and 2H2O are formed in presence 
of sulphuric acid. That with IHjO is produced by drying the 
salt at 114 ®; the last molecule is retained at 280 °, and is some- 
times termed “ water of constitution.” Ferrous sulphate absorbs 
nitric oxide (see p. 342 ) ; but the composition of the resulting 
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compound depends on the pressure and temperature, varying from 
8FeS04.2N0 to 6PeS04.2N0. Manganous sulphate is a pink 
salt ; cobalt sulphate rose-red, and nickel sulphate grass-green. 
The anhydrous salts are colourless. The hydrated sulphates, of 
these metals, containing the same number of molecules of water of 
crystallisation are isomorphous with each other; those with 
5H2O resemble copper sulphate, OUSO4.5H2O, in crystalline 
form. 

The selenates closely resemble the sulphates ; the tellurates are 
insoluble precipitates. PeTeOi occurs native, and has been named 
ferrotdlurite. 

A large number of double salts of the general formula, 
M'2l^04.M"R04.6H20, are known, where M' stands for Li, Na, K, 
Rb, Cs, Tl' and NH4 ; M", for Mg, Zn, Cd, Cr", Fe", Mn", Co", 
Ni", and Cu" ; and R for S or Se. They all crystallise in mono- 
clinic crystals, and are isomorphous with each other. They are 
produced by mixture. The double salts of hydrogen, 

H2Mn(SOj2, and H6Mn(S04)4 
have also been prepared. 

Sulphate of carbon is unknown. Both the monoxide and 
dioxide of carbon are insoluble in sulphuric acid. 

Ti2(S04)3; 002(804)3.5, 6, 8, 9 , and IBHgO. 

Double salts: — Ce2(S04)3.2K2S04.2H20 ; 002(804)3.5X28004, and others. 

The titanous sulphate is violet ; the cerous salts colourless. 

Ti(804)2; Zr(804)2; 00(804)2.^30; Th(S04)2.4H20.— Also double salts, 
such as K2Ti(S04)3; (NH4) 500(804 ^5.4X30 ; K4Th(804)4.2H20. 

The cerium salt is yellow ; the others colourless. Cerium also 
forms a double salt, containing the metal in two states of oxida- 
tion ; it is called ceroso-ceric sulphate. It has a brown-red colour 
and the formula 2Ce(S04)2.Ce2(S04)3.25H20. These bodies, 
especially titanium, zirconium, and cerium, also yield basic sul- 
phates. The formation of titanium sulphate serves as a means 
of separating titanium from silica. The mixture is fused with 
hydrogen potassium sulphate, dissolved in water, and filtered from 
silica; on boiling with water the titanium sulphate is decomposed 
into hydrate and sulphuric acid. 

Silica is insoluble in sulphuric acid ; and germanium does not 
appear to form a sulphate. 



SULPHATES, SELENATES, AND TELLURATES. 


429 


SnS 04 ; PbS 04 ; PbSe 04 ; PbTe 04 . — Double salts : — K 2 S^(S 04)2 5 
4X2821(804)2.821012; (NH 4 ) 2 Pb( 804 ) 2 . 

^Stannous sulphate is colourless and crystalline. The double 
salts are obtained by mixture. Lead sulphate occurs native in 
trimetric crystals as anglesite, isomorphons with those of heavy 
spar (barium sulphate). The crystalline variety may be obtained 
by fusing lead chloride with potassium sulphate The selenate 
has also been found native. As lead sulphate and selenate are 
nearly insoluble, they may be produced by precipitation; they 
form dense white powders, more easily dissolved by water than by 
the dilute acid ; but they are soluble to a small extent in strong 
acids. They dissolve in larger quantity in solutions of sulphate, 
nitrate, acetate, or tartrate of ammonium, and easily in caustic 
alkali, and in thiosulphates. Lead sulphate also dissolves in sul- 
phuric acid ; the solution deposits crystals of H2pb(S04)2.H20. 
These bodies melt at a red heat. 

Lead sulphate, heated with the sulphide, as in lead smelting, 
yields metallic lead and sulphur dioxide, thus : — PbS04-f-PbS = 
2Fh + 2 S 02 ; or the oxide and metal : — 2 PbS 04 -f PbS = 38 O 2 4- 
2PbO + Pb. 

Lead tellurate is also a white precipitate, but is more easily 
soluble in water. Basic sulphates and selenates of tin and lead 
have also been prepared; stannic hydrate dissolves in sul- 
phuric acid, but stannic sulphate is an indefinite non-crystalline 
body. 

Compounds of nitrogen and vanadium usually contain the 
nitrosyl, or vanadyl groups. Compounds of the pentoxides with 
sulphuric anhydride are, however, known. The compound, 
SO3.N2O5.4H2SO4, a white crystalline body, is produced by cool- 
ing a mixture of sulphur trioxide and nitric acid; it is at once 
decomposed by water, and, when heated, evolves red fumes, yielding 
a sublimate supposed to be SO 3 N^Oj. This would be nitrosyl 
sulphate, S02(0N0)2, to be alluded to later. The first may be 
viewed as a compound of nitryl sulphate, S04(N02)2 with sul- 
phuric acid. The compound, 2(S03).N205, is also known. It is a 
snowy crystalline mass, produced by the action of induction sparks 
on a mixture of sulphur dioxide, oxygen and nitrogen ; it may be 
regarded as nitryl anhydrosulphate, S207(N02)4. 

Vanadyl sulphate, 3SO3.V2O5, is prepared by dissolving 
vanadium pentoxide in cold sulphuric acid, and expelling excess 
of sulphuric acid by heat. It may be regarded as (V0)"^2(S04)3. 
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It is red and ctystalline. During- evaporation, the green compound 
of V2O4, 2SO3.V2O4 = (VO) "2(804)2 separates as a crust. By 
heating the first compoui;id to the temperature of melting lead, 
the basic sulphate, (V0)20. (804)2, is obtained as a red crystalline 
mass. A double sulphate of the formula, 2S03.K20.V206.6BC20, 
is also known. 

These bodies are mostly derivatives of the pentoxides of 
nitrogen and vanadium. ^Niobium and tantalum are said also to 
form sulphates, but these compounds have not been investigated. 

Nitrosyl sulphate, (N0)2S04, may be the substance alluded to on 
the previous page. Hydrogen nitrosyl sulphate, H(N0)S04, is 
better known, and is produced by the action of nitrogen trioxide 
on sulphuric acid, thus: — N2034-2H2S04 = 2H(N0)S04-hH20. 
Excess of sulphuric acid must be present to combine with the water. 
The same substance is produced by the action of sulphur dioxide 
on nitric acid, or by passing the vapours from a heated mixture of 
nitric and hydrochloric acids (nitrosyl chloride and chlorine, see 
p. 341 ) through strong sulphuric acid. It forms long, thin, trans- 
))arent cryshils melting at 85 - 87 ". It is the substance known as 
“ chamber crystals,” a,nd its solution in sulphuric acid is produced 
in the “ Gay-Lussac tower,” in which the escaping gases from the 
vitriol chambers are brought in contact with strong sulphuric 
acid. On treatment with water, it is at once decomposed into oxides 
of nitrogen (AO and A"02 + A^204) ; this change takes place in the 
“ Glover tower,” where the sulphuric acid containing hydrogen 
nitrosyl sulphate is diluted ; the oxides of nitrogen are liberated, 
and again pass into the chambers (see p 416 ). (See also nitrosyl 
anhydrosulphate, p. 434 ). 

(P0)"'2(S04)3, phosphoryl sulphate, is produced by mixture ; it 
forms thin transparent scales, and is decomposed at 30 °, and by 
water; the corresponding compounds of arsenic, antimony, and 
bismuth are unknown, the groups (AsO)', (SbO)' and (BiO)' 
tending, as a rule, to replace only one atom of hydrogen. 

By dissolving arsenious oxide, A84O6, in sulphuric acid* of 
different concentrations, which must not, however, be more dilute 
than coi-responds with the formula, H2SO4.H2O, various white 
crystalline sulphates of arsenic have been obtained. They appear 
to have the formulae 8(S03).As203; 4(S03).As203; 8(803). As203(?); 
2(803 ).As 203 ; and SO3.AS2O3. The body, 3(803)Aa203, would 
correspond to AS2(S04)3; 2(803) AS2O3 may be written 

SO4 — As — O— As — SO4; and SO3.AS2O3 may represent arsenosyl 
•sulphate, (AsO)' 2S04, coiTesponding in formula to nitrosyl .sul- 
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phate. These bodies are all decomposed by water, and are all 
very unstable. 

The sulphates of antimony are similar but more stable. The 
oojnpounds, 4(S03).Sb203, 8(803). SbjOa, 2(803). Sb203, and 
S03.8b203, have been prepared. The normal salt, 8b2(804)3 = 
3(803). 8b203, Is produced by boiling antimony with strong sul- 
phuric acid. It crystallises in needles. 

With bismuth, the compounds, 3(S03).Bi20j,2(803).Bi203, and 
S03.Bi203, are known. Bismuth dissolves in hot, strong sul- 
phuric acid, with evolution of sulphur dioxide forming the first; it 
is decomposed by water, giving the third. Double salts with 
hydrogen, HBi(S04)2.H20 ; with ammonium, NH4Bi(804)2.4H20 ; 
and with potassium. K3Bi(804)3 are also known. The selenates 
and tellurates have scarcely been examined. Bismuth telhirate, 
however, has been found native. Its formula is Te03.Bi203 ; it 
has been named montanite. 

Hydrated molybdenum sesquioxide forms a dark-coloured solu- 
tion with sulphuric acid, which may contain Mo2( 804)3. The di- 
oxide gives a red solution, supposed to contain Mo (804)2. 

Uraiious sulphate, U (804)2.4 and 8H2O, forms green crystals, 
and is produced bv dissolving hydrated uranium dioxide in 
sulf)huric acid. A basic sulphate, SO3.UO2.3HL2O, is also known ; 
and also the double salt K2U(804)3.H20. They are green, 
soluble bodies. 

Mo 02(804) and 1102(804), molybdyl and nranyl sulphates, 
are yellow crystalline bodies, obtained from the hydrated trioxides. 
This sulphate of molybdenum, when boiled with water, decomposes, 
depositing the hydrated oxide, 5(Mo03) H^O, Double salts of 
uranyl sulphate are known, e.th, H.(U02) (804)2, and 
K2(U02)(804)2.2H20 

The selenates and tellurates are little known. 

Tellurium dioxide dissolves in hot dilute sulphuric acid, and 
deposits crystals of 803.2Te02. It is decomposed by warm water. 

K.u(S 04)2; B.li.2(Sa4)3.12H20; PdSO4.2H.2O.— Also KRh (804)2. 

Ruthenium and rhodium sulphates are orange-brown and red 
solutions, drying respectively to a yellow-brown amorphous mass, 
and to a brick-red powder; they are produced by oxidation of the 
sulphide. Palladium dissolves in sulphuric acid, mixed with a 
little nitric acid ; the solution, when evaporated, deposits brown 
crystals. 

OSSO4J 08(804)2; IrS04; Ir0.S04; PtS04; Pt(S04)2. 
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These are all yellow syrups, drying to brown non-crystalline 
masses; they are all produced by oxidising the respective sulphides 
with nitric acid, with the exception of platinous sulphate, PtS04, 
which is produced when the chloride, PtClg, is dissolved in 
sulphuric acid. 

Ag'2S04; HAerSO^; H3Ag'(S04)2<H20; H5Ag*2(S04)4; Hgr2S04 ; Hg'2Se04; 
Afir2Te04; cuprous and Hurous sulphates are unknown. Auric sulphate, 
liowever, can be prepared in solution by dissolving auric oxide in dilute 
acid. It decomposes on standing. 

Sulphates of silver and mercury are sparingly soluble white 
salts, produced by precipitation, or by dissolving the metals in 
sulphuric acid. The silver salt is isomorphous with anhydrous 
sodium sulphate. The tellurate is a dark-yellow powder. It has 
been found native, and named magnolite. 

CUSO4.5H2O ; CuSe04.5H20 ; HgrS04. — Basic salts : — SO3.2CuO.H2O ; 

SO8.3CuO.3H2O; SO3.4CuO.3H2O; SO^.SH^O. Double salts Those 
of copper belong to the class M2'M" (SO,),.CH ,0 ; those of mercury re- 
semble 3K:2Hff(S04)2.2H20. Also HfirS04.Hgrl2 ; 2HgS04.H&S. 

Copper sulphate, or blue vitriol^ is produced on a large scale by 
the spontaneous oxidation of copper pyrites, or by the action of 
air on ignited cuprous sulphide, Cu^S, whereby cupric oxide is 
produced at the same time. It crystallises with water in large 
blue monoclinic prisms, isomorphous with ferrous sulphate of the 
same degree of hydration. Indeed, copper sulphate, if present in 
excess in a solution containing ferrous sulphate, induces the latter 
to adopt its crystalline form ; and, similarly, ferrous, zinc, mag- 
nesium, or nickel sulphate in excess, causes copper sulphate to 
assume their special form. When heated to 100°, CUSO4.5H2O 
loses four molecules of water; the last molecule is retained 
up to 200°, and is regai'ded as “water of constitution.” It is 
easily soluble in water, but insoluble in alcohol. The tetra- 
basic salt occurs native as brochardite. The selenate closely re- 
sembles the sulphate. Mercuric sulphate is decomposed by water 
into a soluble acid salt, SSOj.HgO.nH^O, and the basic salt, 
SOa.SHgO, a lemon-yellow powder, which used to be called tur- 
jpeth mineral. The compound, 2!HgS04.HgS, is precipitated by 
the action of a moderate quantity of hydrogen sulphide on a solu- 
tion of the sulphate. It is a white precipitate. 

Anhydro- or pyrosulphuric acid, H^SaOT.—This substance 
is, as will appear hereafter, an analogue of pyrophosphoric acid, 
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inasmuch as ifc may be regarded as constituted of two molecules of 
sulphuric acid, minus a molecule of water, thus . — 

HO— (SOo)-O— (SO,)~OH. 

But* it cannot be prepared by heating ordinary sulphuric 
acid, for that acid, as already remarked, distils as a whole. 
It may be obtained by dissolving sulphur trioxide in ordinary 
sulphuric acid, thus : — H, 4 S 04 4 - SO., = H 2 S 2 O 7 . The old method 
of preparation, which gained for this acid the name “ Nord- 
hausen sulphuric acid,” is still carried out at Nordhauseii in 
Saxony; it consists in distilling partially dried ferrous sulphate 
from ' tube-shaped retorts of very refractory fire-clay. The 
products are sulphur dioxide and anhydrosulphuric acid, while 
ferric oxide of a tine red colour remains in the retort, and is made 
use of as a pigment under the name of “Venetian red” or 
“ rouge.” This method of manuFacture is a very ancient one. 
When ferrous sulphate, PeS 04 . 7 H 20 , is- dried, it loses six mole- 
cules of water, retaining the seventh. On distilling the mono- 
hydrated salt, sulphur dioxide and water are evolved first, leaving 
basic ferric sulphate, thus : — 

2 PeS 04 .H 20 = 80, 4- 11,0 4- Fe,0,(S0,)(=: SOs.Fe^O,). 
The sulphur dioxide escapes ; the temperature is then raised, 
when sulphur trioxide distils over, and combines with the water, 
leaving iron sesquioxide in the retort. 

Anhydrosulphuric acid is a white solid, crystallising in needles, 
and melting at 35^. It gives off sulphur trioxide when heated. It 
hisses when dropped into water, evolving groat heat. 

It is probable that still more condensed sulphuric acids are 
formed when more sulphur trioxide is added to sulphuric acid; 
but they have been little investigated. Corresponding compounds 
of selenium and tellurium are unknown. 

Pyrosulphates and polytellurates. — The pyrosulphates are 
produced (1) by the action of pyrosulphuric acid on the oxides; 
(2) in a few cases by heating the double salts of hydrogen and a 
metal ; and (3) by the action of sulphur trioxide on the normal 
sulphate. The following salts are known : — 

Na2S207 ; K2S2O- ; Ba2S207 ; A6r2S3207 ; also the double salt HKS2O7. 

The sodium and potassium salts may be prepared by all these 
methods. They are crystalline salts, which combine with water, 
forming hydrogen metallic sulphates. Hydrogen potassium pyrosul- 
phate crystallises from a solution of the anhydrosulphate in strong 
sulphuric acid; the other salts are best prepared by method (3). 

2 F 
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Nitrosyl anhydrosnlphate, S207(N0)2, is produced as a white 
crystalline substance by the action of sulphur dioxide on nitric 
peroxide. It is at once decomposed by water into sulphuric acid 
and the products of decomposition of nitrous anhydride. ^ 

Several poly sulphates of arsenic, antimony, &c., have already 
been described among the sulphates. 

Di- and tetra- tell urates are also known. The ditellurates prob- 
ably correspond to the anhydrosnlphates ; and the tetratellurates 
are produced by the action of water on the monotellurates. The 
formulsB of the following have been ascertained : — 

■i£« 2 To 207 j J ftlso 4T©Og. JU l^O j 

4Te0s.(NH4)20 j 4 Te 03 .BaO; 4 Te 03 .PbO; and 4 Te 03 .Aer 20 . 

These bodies are more soluble than the ordinary tell urates. 



435 


CHAPTER XXVII. 

COMPOUNDS OF OXYGEN, SULPHUR, SELENIUM, AND TELLURIUM WITH 

BACH OTHER (CONTINUED). — SULPHITES, SELENITES, AND TELLURITES ; 

HYPOSULPHITES, THIONATES, THIOSULPHATES, ETC. — OXYHALIDES. 

Compounds with Water and with Oxides (continued): — 
(2) Compounds of the Dioxides ; Sulphurous, Selenious, 
and Tellurous Acids; Sulphites, Selenites, and Tel- 
lurites. 

Sulphurous, selenious, and tellurous acids, in aqueous solu- 
tion, are produced either by direct combination of the anhydride's 
with water, or by displacement. 

Water absorbs at 16® about 45 times its volume of sulphur 
dioxide ; and on cooling the solution several definite hydrates have 
been obtained. 

By passing a current of the gas through a solution cooled to 
—6®, white crystals, fusing at 4®, of the formula H^SOa.SHjjO, 
were produced. By a similar process, crystals melting at 14®, of 
the formula H^SOa.fiH-^O, were obtained ; and it is also stated that 
the compound £[2803 has been thus isolated in cubical crystals. A 
solution of sulphurous acid may also be produced by adding almost 
any acid to a dilute solution of a sulphite ; if the solution be strong, 
the anhydride, /S’02, is evolved. On boiling a solution of sulphur 
dioxide the gas is evolved ; but it does not wholly escape, except 
the boiling be considerably prolonged. The solution possesses the 
smell and taste of the gas, and, like many other similar solutions, 
it doubtless contains the free anhydride as well as the acid. 
When heated to 180 — 200® in a sealed tube, an aqueous solution of 
sulphur dioxide yields sulphuric acid and free sulphur. 

It shows a great tendency to absorb oxygen. On exposure 
to air, it is gradually converted into sulphuric acid ; and this 
conversion may be effected by the addition of a solution 
of a halogen, or of a chromate, of a manganate or perman- 
ganate, &c., which readily yields oxygen. A convenient test 
for a sulphite consists in boiling it with a solution of potassium 

2 F 2 
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dichromate, acidified with hydrochloric acid ; the orange colour of 
the dichromate changes to the green colour of a chromic salt, and 
the solution then contains a sulphate, which yields a precipitate 
with barium chloride. 

This power of reduction has led to the employment of sulphur 
dioxiuo in bleaching animal fibres, such as silk and wool. The 
colouring matters, which are insoluble, are converted into colour- 
less substances by exposure in a moist state to the fumes of 
burning sulphur It also finds use as a disinfectant, and in the 
form of sulphites is used in brewing for checking fermentation. 
Sulphurous acid at once reacts with hydrogen sulphide, giving 
a deposit of sulphur: — 211^8 -f HgSOa.Aq = 2H2O -|- Aq -f- 3S 
(see Pentathionic Acid, p. 451 ). 

Selenious acid, HaSeOj, is produced by direct union of the 
dioxide with water, or by boiling selenium with nitric acid. It 
deposits in colourless prismatic crystals when its solution is cooled. 
The crystals lose water on exposure to air, and when gently heated 
they yield the dioxide. When a current of sulphur dioxide is passed 
through its solution, it is decomposed, depositing selenium, thus: 
H2Se03.Aq -t- H2O 4 - 2SO2 = 2H2S04.Aq -f- Se. This is the usual 
method of separating selenium from its compounds. The solution 
of selenious acid has a very acid taste. It is not altered by boiling 
with hydrochloric acid, but may be oxidised to selenic acid by the 
usual oxidising agents ; not, however, by nitric or nitrohydro- 
chloric acid (see p. 417 ). 

Tellurous acid, HgTeOa, is precipitated by pouring strong 
nitric acid, in which tellurium has been boiled, at once into water, 
01: by the action of water on tellurium tetrachloride. It is a white 
bulky precipitate, drying to a white powder, only sparingly soluble 
ill water. It dissolves in acids, but is reprecipitated on dilution. 

The sulphites, selenites,* and tellurites are prepared by 
the usual methods of preparing salts. They are all decomposed 
hy snch acids as sulphuric or phosphoric, with liberation of the 
respective acid. They are also all decomposed by heat. Like the 
sulphates, they form two main classes, the normal salts, such as 
MalSOa, and the anhydro- or pyro-salts, such as M2S2O5 (compare 
also Phosphates). The latter are known only in a few instances. 

Li^SOg.eHsO; NaaSOg.S, and THgO; K 2 SO 3 . 2 H 2 O; (NHdaSOa.— lilSeOg.HaO; 

K2S6O35 R 132 S 0 O 3 j 0828003^ (lirHi4)2S0O3. — Iji2T0O3 5 

. lTBi2!l?0O3*M£[2O } R^T0O3. 

‘ These are all white soluble salts. At a dull red heat potassium 
* Bull. Soc. Chim. (5), 23, 260, 335. 
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sulphite gives sulphate and sulphide, thus : — = 3K2SO4 + 

K2S 

Double salts.— HNaSO.^; HKSOj ; H(NHi)S03 ; NaKS03.2H20 * 

HNaSOa H2O.*— HLiSeOa ; HNaSeOa; HKSe03; also 

^3®^(®®®3)2 > and 32(1^114)4(8603)3. — 

H3Na(Te03)2.H20 ; H3K:(Te 03)3.320 ; 

33(334) (Te03)2.H20. 

These are produced by mixture. When heated, the acid sulphites 
give off water, and leave a residue of sulphate and thiosulphate. 

They are all white and soluble, and smell of sulphur dioxide. 

The normal sulphites of potassium and ammonium form 
compounds with nitric oxide, NO, named nitrososidphites (see 
p. 455). 

B6SO3 j CaS 03.2320 j S!rS03 ^ BaS03 — B6S603.2EC20 ^ CaS603«2E[2D j 

SrSe03.2320 ; BaSe0j.320. — CaTeOs ; SrTe 03 ; BaTe 03 . 

With the exception of beryllium sulphite, these salts are 
sparingly soluble in water, and may be produced by precipitation, 
when they come down in small crystals. The tellurites are also 
produced by fusion of the respective carbonate with tellurous 
anhydride. They are all white bodies, and the sulphites decom- 
pose, when heated, into sulphate and sulphide. 

Little is known of the double sulphites of these metals. Solu- 
tions of the neutral salts absorb sulphur dioxide, but the neutral 
salts again crystallise out on evaporation over sulphuric acid. Such 
a solution of calcium sulphite is made use of in sugar retining to 
prevent fermentation. 

Double salts. — B2Be(Se03)2; 32Ca (8603)2.330; 32Sr(SeO<)2. 

These are white soluble salts, obtained by mixture and crystal- 
lisation. The existence of corresponding tellurites is doubtful. 

Mg‘803.6 and 332O : ZU8O3.532O ; and Cd803.320. 

These are sparingly soluble white salts. 

M8:S603.6320 ; Zn8e03.320 ; and OdSeOs. 

These are sparingly soluble salts, which dissolves in selenious 
acid, forming double salts with hydrogen, which have the formulae 

3 .Mfir(Se03)2 ; 34M:&(8e03)3 3320; BgCdg (803)3 32O ; and BaCdg (8603)4. 

3grT603 ; ZnT603 ; and CdTeOg. 

These are also obtained by precipitation. 

No sulphite, selenite, or tellurite of boron is known. Scandium 

* Tht'se salts are isomeric (see p. 453 ). They are formed respectively thus 
2HNaS03.Aq + KgCOg.Aq - 2KNaS03 Aq + CO2 + HgO ; and 2HKSO3 Aq + 
Na^COg.Aq = 2NaKS03 Aq + CO.^ + HgO. 
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forms a selenite of the formnla lOSeO2.3SC2O3.4HaO, Yttrium 
sulphite, Y2(S03)3, and selenite, Y2(Se03)3.12H20, are white in- 
soluble powders. Yttrium tellurite is a white precipitate. Tho 
compounds of this group have scarcely been examined. ^ 

Aluminium sulphite is basic : SO2.Al2O3.2H2O. The selenite, 
however, Al,(Se03)„ is normal. These salts, and the tellurite, are 
white and insoluble ; but the selenite dissolves in selenious acid. 

Indium sulphite, In2(S03)3.8H20, is a white insoluble powder. 
Its formation is made use of in separating indium from traces of 
copper, lead, zinc, and iron. The gallium salts have not been pre- 
pared. The compounds 9Se02.4Al20j.36H20 and the double salts 
H,Al(SeO,%AK,0 and H3ln(Se03)3.6H20 have been prepared. 

Thallous sulphite, selenite, and tellurite are nearly insoluble. 

Cr2(S03)3.16H20 is a yellow precipitate, thrown down by 
alcohol. Fe2( 803)3 luuj exist as a red solution, but is rapidly 
changed by reduction into ferrous sulphate ; but if alcohol be 
added at once, a yellow-brown basic salt, 3S02.2Pe203, is pre- 
cipitated. On treatment with water it decomposes, yielding the 
salt SO2.Pe2O3.6H2O. On addition of caustic potash to the 
original red solution, the basic double salt 3SO2.2K2O.Pe2O3.5H2O 
is precipitated. A double salt of cobalt, KCo“^(S03)2, is produced 
by digesting cobaltic hydrate with hydrogen potassium sulphite. 

Cr2(Se03)3 and Pe2(Se03)3 are insoluble powders. The 
tellurates are also insoluble. 


FeSOa.SHsO; MnS03.2H20 ; C0SO3; NiSOa-GHgO. 

FeSeOa; MnSe03,2H20; CoSe03.2H20; NiSe03.2H20. 

These salts are sparingly soluble, but crystallise from dilute 
solutions. The tellurites are insoluble. A double selenite, of tho 
formula H2Ni (8603)2. 2 HgO, has been prepared. 

The sulphites and tellurites of cerium, zirconium, and thorium 
are said to be white insoluble powders. The selenites, 
062(8603)3. 12H2O 1 Th( 8603)4 BHgO ; and the acid salts 
H20e2(86O3)4.5H2O, H2Th(8e03)3.6H20 and HeTh(Se03)5.5H20 
have been prepared. 

Salts of silicon and germanium are unknown. Stannic selenite 
is said to be an insoluble precipitate. P08O3, PbS603, and 
PbToOs are nearly insoluble white precipitates. 

Compounds of nitrogen, vanadium, niobium, tantalum, phos- 
phorus, arsenic, and antimony are unknown. Bismuth sulphite, 
8031.03, is basic, aiid sparingly soluble. 

Compounds of molybdenum and tungsten have not been pre- 
pared. But uranyl sulphite, (XJ02)(803).3H20, is known; and 
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doable sulphites, of the general formula (U02)HiyC'(S0j)3, where 
M' is Na, K, or NH4, are produced by mixture. They aie yellow, 
sparingly soluble, crystalline precipitates. Osmous sulphite, 
OsSOa, is produced by dissolving the tetroxide, OsO*, in sul- 
phhrous acid. It forms a double sulphite with potassium, 
Ke0s(S03)4.5H30. 

Double sulphites of palladium, rhodium, iridium, and platinum 
with the alkalies are known. That of palladium, NasPd(S03)4.2H20, 
is produced by adding sulphurous acid to palladium dichloride, and 
precipitating with caustic soda. The precipitate gradually becomes 
yellow and crystalline. The iridium compound has a similar 
formula. Other double salts are also formed at the same time, 
viz,, H2Na«Ir( 803)5.41120 and IOH2O. They form whitish - 
yellow scales. A double salt, which crystallises well, is produced 
by the action of sulphurous acid on ammonium iridichloride, 
Ir2Cl8.6NH401, viz., IrCl2.H2S03.4NH4Cl, which reacts with 
carbonates, yielding salts, such as IrCl2.K2S03.2NH4Cl 4H2O* 
Platinous compounds are also known. Sulphur dioxide, passed 
through water iu which platinic hydrate is suspended, reduces 
.and dissolves it; and on addition of a sodium salt, a precipitate of 
the formula NaePt(S03)4.3H20 is produced. The action of sul- 
phurous acid on ammonium platinochloride is to form the com- 
pound H(PtCl)S03.2NH4Cl, in which the group (PtCl) functions 
its a monad. The hydrogen in this body may be replaced by metals. 
Substituting potassium platinochloride for the ammonium salt, 
the corresponding compound H(PtCl)S03.2KCl is obtained 
And by the action of excess of a sulphite on such compounds, 
bodies such as H(PtCl)S 03 .K 2 S 03 . 3 H 20 are formed. Lastly, by 
the action of hydrogen ammonium sulphite on ammonium platino- 
chloride, PtCl2.2NH4Cl, both atoms of chlorine are replaced, and 
the compound Pt(S03H)2.2NH4Cl.H20 is obtained in crystals. 
Possibly selenious acid would form similar combinations. 

C112SO3 ; 0112803. HgO ; A.gr2S03 ; S8r2803. — 01128003; Ag^2^®^3) 

These salts are insoluble, and are produced by precipitation, or 
by the action of sulphurous acid on the hydrates. Cuprous sulphite 
jorms red microscopic quadratic prisms ; silver sulphite is white. 

Double 8alts.--NaCu8O3.H2O ; (NH4)0u(S03) ; K40t4(SOa)3, and 
perhaps more complex salts, 8X28O3.CUSO3.I6H3O ; 

5 Na2S03.CuS03.38H20, &c. 

These are produced by mixture. Double sulphites of gold 
are also known, such as 3 Na 2 SO,.Au,SO!,. 3 H, 0 ; this compound 
lias a purple colour, and from it other double salts may be pre- 
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pared. Normal cupric sulphite is unknown ; CuSe03.2H20 forms 
blue needles. The tellurite is f?reen. 

A basic cupric sulphite, SO2.4CuO.7H2O, is precipitated on 
addition of cupric hydrate to a solution of sulphur dioxide in 
absolute alcohol; and also several cuprous-cupric sulphites, e ,9., 
GU2SO3.CuSO3.2H2O, produced by warming a solution of cupric 
sulphite with hydrogen potassium sulphite. They are red crys- 
talline powders. 

Hydrogen cupric selenite, H2Cu(Se03)2.2H20, is prepared 
by mixture. HgSOs does not exist. The selenite, HgSe03, is 
a white precipitate, and the tellurite, a brown precipitate. A 
basic salt, S02.2Hg0, is produced by precipitation. It is a heavy 
white crystalline body. H2Hg(S03)2, Na2Hg(S03)2, K2Hg(S03)2, 
and (NH,),Hg(SO,), have also been prepared. They are soluble. 
Ammonium sulphite unites with mercuric chloride, forming the 
salt 2(NH4)2S03.3HgCl2. 

A double auric sulphite, 5K2S03.AU2(S03)3.5H20, is produced 
by adding potassium sulphite to a solution of potassium aurate. 
It forms yellow needles. 

Polysulphites, selenites, and tellurites. — The compounds 
analogous to the anhydrosulphates, and to the pyrophosphates, 
are not very numerous. Those which have been prepared are as 
follows : — 

) (^^®^4)2®2®6' — OaSG2^5 ) SaS 6205 ; 0 dSe 205 ; ISIxiSe2^5 > 
O0S62O5 ; PbSfloOs* — » Na.2^®2®6 » K 2 ^® 2^5 > CaTe205. 

Sodium and potassium anhydrosulphites are produced by 
passing a current of sulphur dioxide through hot soluHons 
of the respective carbonates; they separate in crystals. The 
ammonium compound is formed when the normal sulphite is 
heated. The corresponding selenites and tellurites are formed by 
warming solutions of the normal salts with the requisite excess of 
acid or anhydride ; and some of the tellurites have been prepared 
by fusing the dioxide with the required amount of the carbonate. 
They are almost all soluble. 

Three salts are known which contain a smaller excess of di- 
oxide over the normal salt, viz., 4SO,.3HgO ; 4Se02.3Hg0 ; and 
3SeO2.CoO.H2O. 

One tetraselenite, 4 SeO 2 .NiO.H 2 O, which may be regarded as 
hydrogen nickel anhydroseleiiite, H2Ni(Se206)2. and the follow- 
ing teiratellurites, 4Te02.Li20, 4Te02.K20, 4Te02.Ca0, and 
4Te02.Ba0 have been prepared ; the tellurites are formed when 
excess of anhydride is added to the normal salts. 

Compounds of oxides and halides.— As these compounds 
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are related solely to the dioxides and trioxides of sulphur, selenium, 
and tellurium, it appears advisable to consider them here, before 
treating of the other compounds of these elements. 

^Sulphury 1, selenyl, and telluryl comppunds. — These con- 
tain the groups (SO^)", (Se02)", and (TeO-^)". They are as 
follows r—SOaCh; SeO^Cla (?) ; SO^Br^. 

Sulphnryl chloride is produced by the direct combination of 
sulphur dioxide and chlorine in sunlight, or in presence of charcoal 
at a moderate temperature. It is more easily prepared by passing 
a current of sulphur dioxide through hot antimony pentachloride, 
which parts with two atoms of chlorine ; and it is likewise obtained 
by distilling sulphuric acid with phosphorus pentachloride, thus : — 
4S02(0H)2 -f 2 PCI 5 = 2P0(0H)3 + 4SO2CI2 + 2 HC 1 . This 
action, however, yields other products. It is a colourless liquid, 
boiling at 77 ° ; its vapour-density is normal ; but it decomposes at 
440 ° into sulphur dioxide and chlorine. The corresponding 
bromide forms white crystals, volatile at the ordinary temperature. 
These bodies rapidly react with water, forming sulphuric acid and 
the halogen acid, e.g., 

SO2CI2 + 2 H.OH = S 02 ( 0 H )2 + 2 ECI 

It is this, and analogous actions, which lead to the conclusion 
that sulphuric acid may be regarded as analogous to sulphuryl 
chloride, and that their formulse are comparable ; — 

SO.<g, SO..<gg 

(see p. 2 d 8 ). But we are ignorant of the molecular weight 
of sulphuric acid ; and the existence of double sulphates such as 
those mentioned on p. 421 would lead to the belief that the 
molecular weight is higher than that expressed by the formula 
H2SO4. 

Chlorosulphonic acid. — The existence of two bodies related 
like SO2CI2 and S02(0H)2 would lead to the inference that an in- 
termediate compound is possible ; a body containing one atom of 
chlorine and one hydroxyl group. This body is chlorosulphonic 
acid, S02(0H)C1. It is produced by the action of dry hydrogen 
chloride on sulphur trioxide, thus: — SO3 + ECl = S02(0H)C1 ; 
or on anhydrosulphuric acid, H2S2O7. It is also formed when 
sulphuric acid is distilled with phosphorus pentachloride, thus : — 
S02(0H)2 + PCI5 = POCI3 -f S02(0H)C1 -f ECh, or with 
phosphoryl chloride :— 4 S Oaf OH)2 -f 2POCI3 = 4S02(0H)C1 -f 
2HPO3 H- 2ECI. It is a fuming colourless liquid, boiling at 
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158 * 4 ® (another statement gives 151 ®) ; its density is 1 * 78 . At 
200”, it decomposes into sulphuric acid, sulphuryl chloride, and 
other products. Near its boiling point its density* corresponds 
with the formula S02(0H)C1 ; but at higher temperatures it is 
lower, owing to decomposition. 

A few salts of this acid are known. f Dry nitrosyl chloride, 
NOCl, acts on sulphur trioxide, giving nitrosyl chlorosulphonate, 
S02(0.N0)C1 , it is a white crystalline mass which can be 
melted, but which decomposes on raising the temperature. A salt 
derived from sulphur tetrachloride, SCI4, is produced by its action 
on sulphur chloride, S2C12, in presence of chlorine, thus: S2CI2 -f 
2S02(0H)Ci -f SCk = 2S02(0SCl3)Cl -f 2 HCI The group 
(SCI3)' behaves in this case like a monad metal. This chloro- 
sulphonate is a white crystalline substance, subliming at 57 ° ; it is 
converted by heating in a sealed tube into a mixture of sulphuryl 
and sulphurosyl chlorides, S02(0SCl3)Cl = SO2CI2 + SOCI2. 
Similar bodies are produced by the action of chlorosulphonic acid 
on selenium and on titanium tetrachlorides at 100 °. The first, 
SO^COSeCyCl, is a yellow amorphous powder ; the second, 
S02(0.TiCl3)Cl, melts at 165 ® and boils at 183 °. Both of these 
bodies decompose when heated. Salts of the ordinary kind are 
unknown, because the acid is at once energetically attacked by 
water, yielding sulphuric and hydrochloric acids : — 

S 02 ( 0 H)C 1 -f H2O = S 02 ( 0 H )2 -H ECL 

(compare Chlorochromates, p. 2 ^ 8 ). 

Anhydrosulphuryl chloride, S2O6CI2, corresponding to an- 
hydrosulphuric acid, 8205(011)2, is also known. It is produced 
by distilling phosphorus pentachloride with sulphur trioxide: — 
PCI 5 + 2SO3 = POCI3 -f S2O5CI2 ; or with chlorosulphuric acid, 
PC 1 « + 2S02(0H)C1 = S2O5CI2 -h POCI3 + 2 HCA. It is also 
formed when phosphoryl chloride and sulphur trioxide are heated 
in a sealed tube to 160 ° 2POCI3 -f 6SO3 = 3S2O6CI2 -f P2O5. 
It is a colourless liquid, of density 1 * 82 , boiling at 153 °. Its 
density is normal at 184 °, but at 250 ® it decomposes, giving chlo- 
i*ine, and sulphur dioxide and trioxide. 

No direct compounds of sulphur dioxide with halogen acids are 
known. But selenium and tellurium dioxides form the follow- 
ing :—Se02.Hri, an amber-coloured liquid, stable below 26 °; 
Se02.2HCl, stable at — 20 ° ; Se02.2HBr, stable below 55 ® ; 
2 Se02.5HBr, stable at — 25 ° ; Te02.HBr, a brown solid, stable 

* Compfes rmfJ.i 61fi; BpHchte,lQf 479, 602, 

t Annalen, 106, 265; Chem. Soc„ 41, 297. 
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at 15® ; Te02 2HBr, stable at 14®, and decomposed at 40° 
into Te02.2HBr, which on further heating yields water and 
black needles of tellurosyl bromide, TeOBra. The compound 
2Te02.3HCl is stable at —10°; on rise of temperature it yields 
Te02.HCl, which at 110° gives a white mass of TeOCl2. There 
is some reason to doubt the definite nature of these so-called 
compounds. 

Sulphurosyl (thionyl), selenosyl, and tellurosyl halides, 
SOCI2 ; SeOCU ; TeOCl2 ; SeOBr2 ; TeOBra. — No fluorides or 
iodides are known. 

Sulphurosyl chloride is prepared by passing sulphur dioxide 
over heated phosphorus pentachloride : — SO2 + PCls = POCI3 + 
SOCI2 ; or by distilling calcium sulphite, CaSOs, with phosphoryl 
chloride. It is also obtained by distilling a mixture of sulphur 
chloride, S2CI2, and sulphur trioxide, through which chlorine is 
being passed: — SCU + SO3 = SOCI2 -h SO2 + It is a 

colourless liquid, boiling at 82° ; it bears to sulphurous acid the 
same relation as sulphuryl chloride to sulphuric acid, as is shown 
by its action on water : — SOCI2 + 2H.OH = SO(OH)2 -f 2HCL 
The sulphurous acid, however, decomposes into water and the 
dioxide. 

Selenosyl chloride, SeOCb, is produced by heating together 
selenium tetrachloride and selenium dioxide : — SeGl, -h Se02 = 
2SeOCl3 ; by the action of water on selenium tetrachloride ; or, 
most readily, by distilling selenium dioxide with sodium chloride, 
thus : — 2Se02 + 2NaCl = Na2Se03 -f BeOCl2. It is a yellowish 
substance, melting at 10° and boiling at 179'5®. Its specitie 
gravity is 2 ’44. The corresponding tellurium compounds have 
been obtained, as described, by beating the compounds of the 
dioxide with the halides of hydrogen. « 

Other acids of sulphur and selenium.— The following is 
a list : — 


(1.) Thiosulphuric acid,*t H2S2O3. 
( 2 .) Seleniosulphuric acid,* H2'Se03. 
( 3 .) Hyposulphurous acid,* H3S2O4. 
( 4 .) Dithionic acid,t H2S20g. 

( 5 .) Trithionic acid, H2S3OB. 

(6.) Seleniotrithionic acid,* 1X2828003. 


( 7 .) Tetrathionic acid, H2S4O6. 

(8.) Pentathionic acid, H2S5O6. 

( 9 .) Hexathionic acid(?), H2S6O3. 
( 10 .) Persulphuric acid(?), H2820g. 
( 11 .) Dithiopersulphuric acid,*§ 
II2S4O8. 


* These acids are unknown in the free state ; but their salts have been pre- 
pared. 

t Formerly named hyposulphurous acid, 
t Also named hyposulphuric acid. 

8 This name is a. nrovisional one. 
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1. Thiosulphuric acid, H2S2O3. — On adding dilute hydro- 
chloric or sulphuric acid to a weak solution of the sodium salt, the 
acid appears to be liberated ; but it decomposes almost immediately. 
Sulphur separates and sulphurous acid is formed, thus : — H2S2O3 p 
H2SO3 + S. But a secondary reaction appears to take place at 
the same time, for hydrogen sulphide may be recognised at 6rst 
by its smell : — H2S2O3 = H^S 4- 0 + SO 2 . This may indeed be 
the first stage of the decomposition, the nascent oxygen reacting 
with the hydrogen sulphide, giving water and sulphur. 

NaaSgOa.SHaO; K2S2O3.2H2O j 3{ (NH4)2S203}H20. 

Sodium thiosulphate is produced by boiling a solution of 
sodium sulphite with sulphur, thus : — 

Na^SOa.Aq + S = Na2S203 Aq, 

or by boiling sulphur in a solution of sodium hydroxide : — 
6NaOH.Aq -f 12S = 2Na2S6.Aq -f Na2S203.Aq -f 3H2O ; the 
potassium salt is prepared similarly ; and they may be obtained by 
adding a solution of the respective carbonate to a solution of 
calcium thiosulphate, CaSgOa.Aq + M2C03.Aq = M2S203.Aq 4- 
CaCOa ; insoluble calcium carbonate is precipitated, and the 
soluble thiosulphate remains dissolved. 

These are very soluble white salts. The sodium salt forms 
large monoclinic crystals. It is made use of as an “antichlore ; ” 
cloth bleached with chloride of lime its dipped in its solution to 
remove adhering chlorine, which might attack the fibre. It reacts 
with the halogens, thus : — 2Na2S208.Aq -f CU = 2NaCl.Aq 4- 
Na2S406.Aq; sodium tetrathionate is formed. It is also used in 
‘ fixing ” photographic negatives or prints (see Silver Thiosul- 
phate). 

When heated, sodium thiosulphate yields sulphate and penta- 
sulphide, 4;Na2S203 ~ 3Na2S04 ~|” ]^a2S5. 

0&>S203.6H!20 y S]rS203.CB!2^ } BciS203.^H2^* 

Calcium thiosulphate is prepared on a large scale from “ soda- 
waste,’’ which is essentially a sulphide of calcium. It is exposed 
to the air in a moist state for some days, when the sulphide is 
partially converted into sulphite, CaSOs. At the same time 
sulphur is liberated, probably by the action of atmospheric car- 
bonic acid and oxygen, and it reacts with the sulphite, forming 
thiosulphate. On treating the oxidised waste with water, a solu- 
tion of sulphite and thiosulphite is obtained. The sulphite 
deposits in crystals on evaporation ; they are removed, and the 
thiosulphate crystallises from the mother liquor. Calcium tbio- 
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snlpliate is the usual source of the thiosulphates generally. It 
crystallises in large clear triclinic prisms. 

Strontium and barium thiosulphates are precipitated on mixing 
solutions of the respective chlorides with sodium thiosulphate. 
The precipitation is completed by adding alcohol. They are white, 
sparingly soluble salts. 

The double salt CaNa2( 8203)2.^1120 is produced by treating 
calcium sulphate with a solution of sodium thiosulphate. It is a 
soluble salt. Barium and strontium salphates do not give this 
reaction, and it therefore affords a means of separating calcium 
from the sulphates of these metals. 

61^20 } ZxiS203.}tH[2^ ) OdS203*^^^2^* 

These are very soluble salts. The two last may be produced 
along with sulphite by passing sulphur dioxide through water in 
wliich the sulphides are suspended: — ZnS -h H2S03.Aq = ZnSO^ 
4-H2S.Aq ; 2H2S + SO2 = 2H20.Aq -h 38 ; Zn 803 4 - Aq H- 8 = 
ZnS^Oa.Aq. Solutions of the zinc and cadmium salts are decom- 
posed by heat into sulphuric and sulphurous acids and zinc sul- 
phide and sulphate. The double salt, K2Mg(8203)2.6H20, is 
prepared by mixture. 

The thiosulphates of the boron group of elements are unknown, 
as are also those of the aluminium group, with one exception ; a 
double thiosulphate of thallium and sodium, NaaTl4(82O3)6.10H2O, 
is produced by mixture ; it forms fine silky needles. 

Chromic and ferric thiosulphates are unknown. 

2FeS203.5H20 ; C0S.2O3.6H2O ; NiSgOg.GHaO. 

The manganese salt has not been obtained solid ; it decom- 
poses on concentration into sulphur, sulphur dioxide, and man- 
ganous sulphide. The ferrous salt is formed, along with sulphite, 
by dissolving iron in sulphurous acid. On evaporation, the less 
soluble sulphite crystallises first; the thiosulphate separates on 
concentrating the mother liquor. These salts are all soluble and 
unstable. 

The only known thiosulphates of an element of the carbon 
group are those of zirconium and thorium. The former is precipi- 
tated as thiosulphate, Zr(S203)3 (?), by boiling a solution of its 
chloride with sodium thiosulphate. This precipitation serves as a 
means of separating zirconium from yttrium, the cerium metals, 
aqd iron. On ignition of the white precipitate, pure zirconia is 
left. Thorium thiosulphate is also a white precipitate. 

Thiosulphates of the elements of the silicon group are unknown, 
with the exception of that of lead, PbS203. It is a white pre- 
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oipitate, very sparingly soluble in water, but dissolving in solutions 
of thiosulphates of other metals, forming, for example, K2Pb(S203)2, 
S203}2> 

Thiosulphates of elements of the nitrogen and phosphorus 
groups have not been prepared, with the exception of the double 
salts with bismuth, which have formulae such as K3Bi(S203)3.H20. 
They are very soluble in water and also in alcohol, in which the 
simple salts are nearly insoluble ; they are thrown down on adding 
a solution of potassium chloride. 

No thiosulphate of molybdenum, tungsten, or uranium is 
known. 

Platinum forms a double thiosulphate with sodium, of the 
formula Na8pt''(S2O3)4.10H2O. It is precipitated by alcohol from 
a mixture of ammonium platinochloride and sodium thiosulphate. 
It forms yellow crystals. 

Double salts of copper, silver, and gold with sodium thiosul- 
phate are also known. KCUB2O3.H2O precipitates on adding 
potassium thiosulphate to cupric sulphate, as a yellow precipitate, 
which rapidly changes to cuprous sulphide. With more potassium 
thiosulphate, the salt K3CU (8203)2 is precipitated on addition of 
alcohol. Similar sodium salts are known. Silver thiosulphate is 
exceedingly unstable, giving sulphide ; but two varieties of double 
salt are known, produced by dissolving silver oxide in a solution 
of a thiosulphate, or by dissolving silver chloride, nitrate, &c., in 
a solution of an alkaline thiosulphate. These are R4Ag2( 8203)3 
and RAg8203, R standing for a monad metal. Such a double salt is 
formed during the “ fixing of photographic negatives and prints. 
That portion of the silver bromide or iodide not exposed to light, 
and not reduced to the metallic state by treatment with the 
“ developer,’* is removed from the plate or paper by immersion in 
a solution of sodium thiosulphate, or, as it is familiarly termed, 
“hypo.” Salts of the first series are easily soluble in water; 
hence the necessity of using excess of thiosulphate in fixing, else a 
salt of the second series is formed, which is insoluble. 

A double thiosulphate of gold and sodium is prepared by mixing 
solutions of auric chloride and sodium thiosulphate and adding 
alcohol; the barium salt, BaAtl2(8203)4, is insoluble, and is 
formed from the sodium salt, NaAtl( 8203)2, by double decompo- 
sition. 

A double mercuric salt, KioHg''3( 8203)3, is produced by dissolv- 
ing mercuric oxide in a solution of potassium thiosulphate. It 
forms sparingly soluble white prisms. 

The chief insoluble thiosulphates are those of barium and lead. 



HYPOSULPHUROUS ACID. 447 

The tendency of copper, silver, gold, and mercury to form double 
thiosulphates should be remarked. 

The estimation of a tliioaulphate depends on its action on free 
iodine dissolved in a solution of potassium iodide, whereby an iodide 
and a tetrathionate are produced, thus : — 2Na2S203,Aq -f Ta = 
N’a 2 S 406 .Aq -}- 2 NaLA(j. The amount of thiosulphate is easily 
calculated from the amount of iodine employed. 

2 . Closely allied to the thiosulphates are the selenio-sulphates, 
formed by boiling a sulphite with selenium. The potassium and 
sodium salts are crystalline bodies thus prepared; on addition of 
a cadmium salt insoluble cadmium selenio-sulphate, CdSSeOa, is 
precipitated ; but most selenio-sulphates of metals decompose, a 
selenide or selenium being precipitated. Thioselenates, which it 
might be supposed would be formed on boiling sulphur with a 
solution of a selenite, do not appear to exist (see below. Constitu- 
tion of Sulphur Acids), 

3 . Hyposulphurous acid, H2S2O4.— This acid is said to be 
produced by the action of zinc on an aqueous solution of sulphur- 
ous acid. No hydrogen is evolved, and the solution acquires a 
brownish-yellow colour and great reducing power. Its tendency to 
unite with free oxygen is such that it turns warm on exposure to 
air. The sodium salt is better known. It is prepared by di- 
gesting in a closed vessel in the cold finely-divided zinc with a 
concentrated solution of hydrogen sodium sulphite, HNaSOs. Its 
formation is expressed by the equation : — 

Zn + 4HNaS03.Aq = Na2Zn(S03)3 -h Na2S204.Aq + 2H2O. 

The zinc-sodium sulphite separates out on additicm of alcohol, 
and on cooling the remaining liquid slender needles separate, still 
containing a little zinc, from which they ma.y be fi'eed by dissolv- 
ing in water and again mixing the solution with alcohol. 

M. Sphutzenberger, the discoverer of these compounds, believed 
them td ijaye forranlm H2SO2 and HNaS02 respectively.* But 
the formlrj^^^ppear to be H2S2O4 and Na2S204, for the following 
reasons:— The action of a dilute solution of the sodium salt on a 
solution of copper sulphate in ammonia is to yield sodium sulphite 
and a cuprous compound. Now it has been shown that for every 
two atoms of sulphur contained in sodium hyposulphite, two 
molecules of copper sulphate are reduced. This implies the gain 
of one, not two, atoms of oxygen for every two atoms of sulphur. 
If, for instance, the formula were HNaS02, the oxidation by means 

* Bull. Soc. Chim., IS, 121 ; 10, 152 ; 20, 145 ; Bernthsen, BeHchte, 14, 
438 ; Annalen, 211, 285. 
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of cupric oxide would be expressed by the equation HNaSO^ -f 
20u0 = HNaSOa -h CU2O. But then two atoms of copper would 
be equivalent to one atom of sulphur. The reaction is in fact 
+ 2CuO 4- H2O = CU2O -f 2NaHS03. 

Again, iodine in presence of water converts this salt info sul- 
phate ; and if its formula were HN’aS02 four atoms of iodine 
would be required for each atom of sulphur, thus : — HN’aSO^ 
4- 2H3O 4* 2I2 = HNaSO* 4- 4HI. But it is found that in actual 
fact three atoms of iodine for each atom of sulphur are necessary ; 
hence the equation Na2S204 4- ^^2 4“ 4H2O = 2NaI + 4HI -f 
2H2SO4. The formula of the acid must therefore be H2S2O4, and 
not H2SO2. Other salts have not been investigated. 

The sodium salt when added in excess to copper sulphate gives a 
precipitate of copper hydride, Cu2H2(see pp. 382 and 577). A solu- 
tion of the sodium salt, as has been remarked, absorbs free oxygen, 
and on this fact is founded a method of estimating oxygen dissolved 
in water, the end point of the reaction being denoted by the action 
of the sodium salt on indigo, used as an indicator. A quantity of 
indigo solution is decolorised by addition of hyposulphite solution 
of known reducing power, ascertained by its reHction with ammo- 
niacal copper sulphate; the solution of free oxygen is then added, 
the indigo-white being thereby partially reconverted into indigo- 
blue; and the unoxidised indigo is again decolorised by addition of 
hyposulphite solution. 

The impure calcium salt in aqueous solution is employed in 
the arts, in dyeing with indigo. Insoluble indigo-blue is by its 
means combined with hydrogen, and thereby converted into soluble 
indigo-white. The goods are then dyed, and, on exposure to air, 
the indigo is again oxidised, and changes to insoluble blue. The 
dye-bath is named the “hyposulphite vat.” 

4. Dithionic or hyposiilphuric acid, H2S2O6.— The man- 
ganous salt of this acid, MnSiOe.GH^O, is produced by passing 
a current of sulphur dioxide through water, kept cold, and con- 
taining manganese dioxide in suspension. Dithionate and sulphate 
of manganous are produced, thus : — 

Mn02 -f 2SO2. Aq = MnS206.Aq ; Mn02 4- S02.Aq = MuS04.Aq. 

To separate the dithionate and sulphate, a solution of barium 
hydroxide is added to the solution. White barium sulphate and 
manganese hydrate are precipitated as insoluble powders, while 
barium dithionate goes into solution ; — MnS206.Aq Ba(OH)2 = 
BaS206.Aq 4" Mll(OH)2. From the barium salt a solution ot the 
acid may be obtained by careful addition of dilute sulphuric acid. 
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It. may be concentrated in a vacuum over sulphuric acid till it 
acquires the specific gravity 1*35 ; if an attempt be made to con- 
centrate further, it decomposes into sulphuric acid and sulphur 
dioxide. 

"bithionic acid is a syrupy strongly acid liquid. Its salts are 
prepared by addition of the required sulphate to the barium salt. 
They are as follows : — 

I.i2S20fi.2H20 J Na2S206.2H20 J ; i (NH4)2S206.H20. 

These are all colourless soluble crystals, insoluble in alcohol. 

CaS 20 g. 4 H 20 ; SrS20g.H20; BaS20g.2 and 4H2O ; and the double salts 
a2Ba ^820^^2*^ and f)B[20. 

These salts are all soluble. 

Mg-SaOg.GHsO ; ZnS 206 . 6 H 20 ; CdS^Og.— M:ffBa(S 206 ) 2 . 4 H 20 . 

Yttrium dithionate has been prepared ; and also the aluminium 

Sftlt, Al2(S206)3.18H20. 

Tl^S^Oe forms crystals isomorphous with K2S2O6. 

Cr2(S206)3.18H20 ; the ferric salt is basic. 

FeSgOg.S and THaO ; MnSaOg.GHaO j OoSaOg.G and SHgO j NigSaOg.GHsO. 

Ceric hydrate is insoluble in dithionic acid. Th(S 206 ) 2 . 4 H 20 
is very unstable. Lead dithionate, PbSaOe ^H^O, and the basic 
salt, (Pb 20 )S 206 , are crystalline. 

No compounds of the elements of the nitrogen group are 
known; and bismuthyl dithionate, (Bi0)2S208, is the only repre- 
sentative of the phosphorus group. 

Three basic uranyl salts, GXJOa.S^Os.lOHaO; 7U02.S.205.8H20 ; 
and 8UO2.S2O6.2IH2O, have also been made. No salts of metals 
of the palladium or platinum groups are known. 

Ag:2S20g.2H20 ; 17aAffS206.2H20 and Tl4Agr2( 8205)3, are all soluble. 

CuS 206.4B[20 5 HgrS206.4H20 ; and basic cupric and mercuric salts exist. 

The dithionates are almost all crystalline and soluble in water.* 

5 . Trithionic acid. — The potassium salt of this acid is pro- 
duced by digesting at a gentle heat a solution of hydrogen potas- 
sium sulphite with sulphur : — GHKSOa.Aq -1-82 = 2K2S306.Aq + 
K3S203.Aq + 3H2O. The warm filtered solution deposits the iri- 
thionate in crystals. Also, by passing sulphur dioxide through a 
saturated solution of potassium thiosulphate mixed with alcohol : — 

2 K 2 S 203 *Aq + SSO 2 = 2K2S306.Aq -f S. 

* Annalen, 246 , 179 and 284 . 

2 o 
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It is crystallised from dilute alcohol. Also by passing 8nl})hnr 
dioxide through a mixture of solution of hydrogen potassium sul- 
phite and potassium sulphide: — 4HKS03.Aq + K2S.Aq + 4*802 
= SK^SjOe.Aq + 2H2O. 

The acid is produced by substituting hydrogen for the potas- 
sium in the potassium salt by addition of hydrosilicifluoric acid, 
H2SiF6.Aq, which forms an insoluble salt of potassium, K-SIPk. 
When dilute the acid is stable ; but on attempting to concentrate 
it, even at 0°, it evolves sulphur dioxide, deposits sulphur, and 
sulphuric acid remains in solution : — H2S30« = H 2 SO 4 -f SO 2 4- S. 

Potassium trithionate, in aqueous solution, soon decomposes 
into pentathionate, sulphate, and sulphur dioxide. 

The trithionates are very unstable, and appear to be all soluble 
in water. The following have been prepared : — 

IB^S^Og ; (1^214)23305; BaS30g.2£l[20 ; ZX1S3O5 ; Tl2S30g, and SICUS3O5. 

The sodium salt cannot be prepared like that of potassium. 

6. Seleniotrithionic acid, H2S2Se06. The potassium salt of 
this acid is formed by digesting selenium with potassium sulphite, 
or with hydrogen potassium sulphite ; or by evaporating together 
a mixture of solutions of hydrogen potassium sulphite and 
potassium seleniosulphate, KgSSeOa. It is most easily obtained 
by mixing a solution containing hydrogen potassium sulphite 
and thiosulphate with selenious acid. The liquid becomes warm, 
and the potassium salt then crystallises out in needles on cooling. 
The salt K2S2Se06 is stable in solution for some time, but gradually 
decomposes, forming partly potassium dithionate and free 
selenium, and partly selenium, potassium sulphate, and sul- 
phurous acid. 

7. Tetrathionic acid, H2S4O6. — Tetrathionates are produced 
by adding iodine in small successive portions to the solution of 
thiosulphates, thus : — 2Na2S203.Aq + I2 = 2N'aT.Aq -f- Na2S40fl.Aq. 
They are precipitated by addition of alcohol. In this manner 
tetrathionates of sodium, potassium, strontium, and barium have 
been prepared. Also, by adding dilute sulphuric acid to a mix- 
ture of lead thiosulphate and lead peroxide : — 2PbS203. Aq 4- PbOo 
4- 2H2S04.Aq = PbS408.Aq + 2PbS04 H- 2H2O. The acid is 
obtained by treating the solution of the lead salt with dilute sul- 
phuric acid, filtering from the precipitated lead sulphate, and 
evaporating in a vacuum. When heated, it decomposes into 
sulphuric and sulphurous acids and free sulphur. Its solution is 
colourless, and has a strong acid taste. When heated with hydro- 
chloric acid, it gives off hydrogen sulphide. 
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The tefcrathionates are all soluble, but are precipitated by 
alcohol from their aqueous solutions. They crystallise Well ; and 
when heated they give a sulphate or a sulphide, sulphur dioxide, 
and free sulphur. The solution of the potassium salt, on standing, 
contains a mixture of trithionate and pentathionate. Those pre- 
pared are as follows : 

^^a2S405. w^l 20 j ]C2^4C)(; j , BaS20g»2B[20 j 0dS40g $ r*©S 40 g , 

NiS 406 ; PbS 40 s; and CU 2 S 4 O 6 . 

The last is obtained when a solution of barium thiosulphate is 
digested with copper sulphide. 

8. Pentathionic acid^ H^SgOe.* — On passing a slow current 
of hydrogen sulphide through a weak solution of sulphurous acid 
at 0°, sulphur is deposited, and a solution is obtained containing 
liquid sulphur, sulphuric acid, a trace of trithionic acid, tetra-, 
penta-, and an acid containing still more sulphur, probably hexa- 
thionic acid. It is also said to contain dissolved sulphur, which 
ran be precipitRted by a solution of potassium nitrate. Such a 
solution is known as “ Wackenroder’s solution.” It may be con- 
centrated over sulphuric acid. To prepare a pentathionate from 
it, very dilute potash is added with constant stirring ; potassium 
pentathionate is at once decomposed by excess of alkali ; but it 
is stable in, and may be recrystallised from, acid solution. Salts 
may also be prepared by mixing the concentrated Wackenroder’s 
solution with acetates, and leaving to evaporate. The acetic acid 
evaporates away, leaving the thionate in a crystalline condition. 
The potassium and the copper salts have been analysed ; the former 
has the formula 2K2S6O6.3H2O ; the latter CuS606-4H20. They 
crystallise well. 

The first action between hydrogen sulphide and sulphurous 
acid appears to result in the formation of tetrathionic acid : — 
3S02.Aq + H2S = H2S40fi.Aq. Tetrathionic acid and free sul- 
phurous acid form trithionic and thiosulphuric acids, thus : — 
H2S406.Aq + HaSOa.Aq = HaSgOe.Aq -f H2S203.Aq. The thio- 
sulphuric acid, being unstable, gives up its sulphur; the nascent 
sulphur adds itself to the trithionic acid, forming pentathionic 
acid, while much of the sulphur separates in the free state. By 
the action of excess of hydrogen sulphide for a long time, the 
equation 2^2^^ 8 O2 = 2H2O -h 3S is realised. The action of 
the nascent sulphur from the decomposing thiosulphuric acid 
appears also to give rise to 

♦ Bebus, Chem, Soc., 63, 278. 

2 G 2 
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9 . Hexathionic acid, H2S6O6, the potassium salt of which 
separates from the mother liquors of the pentathionate in a nearly 
pure state, in white wart-like masses. 

10 . The sodium salt of dithiopersulphuric acid, H2S4O8,* is 
said to be produced by saturating a solution of sodium thio- 
sulphate, containing more sodium thiosulphate than it can dissolve, 
with sulphur dioxide. The process is repeated for several days, 
the solution being occasionally allowed to stand at rest. On 
evaporation over sulphuric acid, anhydrous crystals of Na2S408 
separate out. They crystallise from water with 2H2O. The equa- 
tion suggested is 2Na2S203 + 5SO2 = 2^8^28409 -f- S* It may be 
noticed that such a body is the analogue of hexathionic acid, two 
atoms of sulphur being replaced by oxygen. 

Constitution of the acids of sulphur and selenium. — The 
constitution of the sulphates and pyrosulphates has already been 
discussed. It is probable that that of the selenates and tellurates 
is similar ; and it now remains to discuss the other compounds 
which have not yet been considered. 

Just as there are probably two nitrous acids (see p. 337 ) and 
two phosphorous acids (see p. 375 ), so theory leads to the sug- 
gestion that two sulphurous acids are also capable of existence.f 

Their formulje should be — 

0 — ' 

Now sulphurosyl chloride, SOCh, cannot be conceived other 
than 0=S=Cl2; on treating it with water, it would naturally 
follow that 0 =S( 0 H )2 should be formed. And if, instead of 
acting on it with water, alcohol or ethyl hydroxide, (C2H6)OH be 
chosen, the corresponding sulphite of ethyl (CjHg)', viz., 
0 =S(OC 2 H 6 )«, should result. f This is, in fact, the case. And, 
moreover, ethyl sulphite reacts with boiling caustic potash, pro- 
ducing potassium sulphite and ethyl hydroxide, thus : — 

0=S(0C2H6)2 -b 2HOK = 2 HOC 2 H 6 -f K 28 O 3 . 

It might be expected that the same compound, ethyl sulphite, 
would be produced by heating a sulphite with iodide of ethyl, 
(CaHs)!, thus :~ 

0 =:S(ONa )2 -b 2I(C2H6) t= 2 NaI -b 

* Compt. rend., 106, 851, 1354. 

t Divers, Chem. Soc^ 47, 205 ; 49, 533. Rshrig, J. prakt. Chem. (2), 37, 
217. 

t The compound actually used is sodium ethoxide, C2H50Na. 



CONSTITUTION OF THE ACIDS OF SULPHUK. 


453 


But the product is a different body. It has a higher boiling 
point than ethyl sulphite, and, moreover, on boiling with an alkali, 
a different change occurs ; only one ethyl group is replaced by the 
airline metal, and a salt termed an ethyl-sulphonate is produced. 

The conclusion follows, therefore, that sodium sulphite has a 
constitution different from that of ethyl sulphite. The alternative 
formula, (02)^^S(0H)H, is therefore adopted, and the formulae for 
these bodies are, therefore : — 



Ethyl- sulphouate of Ethyl-sulphonate of Sulphurous acid, 

ethyl. sodium. 


This view of the constitution of ethyl-sulphonate of sodium is 
confirmed by the relation of this body to ethyl hydrosulphide, 
(C2E[fi)SH, a compound analogous to alcohol, which is ethyl 
hydroxide, (C2H6)OH. On oxidising ethyl hydrosulphida, ethyl- 
suJ phonic acid is produced : — 


(C2H5)SH 4- 30 = (C2H5)S08H. 


And, conversely, by reducing ethyl sulphonyl chloride, 
(C2H6)SOtCl, with nascent hydrogen, ethyl hydrosulphide is 
formed, thus: — 


(C2H5)S(02)''^01 4- 6H = (C2H5)SH + 2H2O 4- HCL 


Other considerations lead to the same conclusion, but the proof 
given is the most important, because it is the most direct. It 
must then be concluded that, when sulphurosyl chloride is decom- 
posed by water, the sulphurous acid originally formed, 0=S(0H)2, 
undergoes molecular rearrangement, and changes into sulphonic 
acid, (02)S(0H)H. It has also been ascertained that two sodium 
potassium sulphites, NaKSOa, exist. These areK0.S02Na and 
Na0.S02K, and they differ in properties.* 

Seleuious acid, on the contrary, appears to have the formula 
0=Se(0H)2;t for by acting on selenosyl chloride, 0=SeCla, 
with ethyl hydroxide, or by heating together sodium selenite and 
ethyl iodide, the same product is obtained, viz., 0=Se(0C£H5)2 ; 
this is known because it reacts with caustic soda, forming selenite 
again, thus : 0=Se(0C2H5)2 4- 2H0Na = 0=Se(0Na)2 + 

2E[0{C3H8). There appears, therefore, to be only one selenious 
acid, 0=Se(0H)2. 

The constitution of tellnrous acid has not been investigated. 


* Berichte, 2S, 1729. 
t Ib^d., 18, 656. 
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Thiosnlphuric acid is thus named because it maj be regarded 
as sulphuric acid, H2SO4, of which one atom of oxygen has been 
replaced by an atom of sulphur, 0 *:iov. Here again alternative 
formulae are possible. The oxygen may be replaced in the grqup 
(SO2)", or in one of the hydroxyl groups. The alternative for- 
mulae are : — 

Preference is given to the latter formula, for this among other 
reasons : an aqueous solution of sodium thiosulphate, when boiled 
with ethyl bromide, forms sodium ethyl thiosulphate,^ thus : — 

N^a2S203.Aq 4 - (C2H5)Br = Na(C2H5) S2O3. Aq -|- NaBr.Aq. 

On mixing this salt with barium chloride, it is to be presumed 
that barium ethyl thiosulphate is produced. This compound is 
unstable, and in a few hours decomposes into barium dithionate, 
BaS306, and ethyl disulphide, thus showing that the ethyl group, 
(CaHs), was attached to sulphur, not to oxygen, thus : — 

As regards hypoaulphurous acid, too little is known regarding 

it to establish any formula as probable; the formula ^ j^ . ^ S02 

has been suggested. 

The constitution of dithionic acid follows from the decomposi- 
tion of barium ethyl-thiosulphate. It may be regarded as certain 
that ethyl, once attached to sulphur, will not readily leave it ; the 
constitution of barium dithionate is therefore, 

Q go. — ^(Oi) 

Ba<^ , and probably Ba<; I ; 

^0—8(02) 

although the smooth decomposition of this body into barium sul- 
phate and sulphur dioxide might lead bo the conjecture that the 
two sulphuryl groups are united by virtue of their oxygen atoms. 
But this argument may have little value. 

Seleniosulphuric acid, H3SSe03, has doubtless the constitution 

OH OH 

for the isomeric acid, 02Se<gu, cannot be prepared by 

* Berichte^ 7, 646. 
t CAem. <6oc., 28, 687. 
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tlie action of sulphur on sodium selenite, which, as has been 
pointed out, has the constitution SeO(OH) 2 . 

It is useless, in the present state of our knowledge, to construct 
constitutional formulae for the remaining thionic acids. The pos- 
sible formulae are discussed by Debus (Transactions of the Chemical 
Society, 1888, p. 354) ; but no decided reason has yet been adduced 
for giving preference to one formula over others. 

The relation between the so-called dithiopersulphuric acid and 
hexathionic acid has already been suggested (p. 452). 

Nitrososulphates. — By passing a current of nitric oxide, NO^ 
through a cooled solution of ammonium or potassium sulphites, 
two molecules of the oxide unite with each molecule of the sulphite, 
forming crystalline compounds, possessing respectively the formulas 
(NH*).S 03 (N 0)2 and K,SO,(NO),. The method of formation 
would suggest an analogy with the thiosulphates. It has been 
suggested that because, when exposed to the action of nascent 
hydrogen from sodium amalgam in strong alkaline solution, these 
.salts yield a hyponitrite and a sulphite, they are constituted simi- 


.OK 


larly to thiosulphates, viz., The equation 

presenting their reduction would therefore be : — 


(KS 03 )(N’ 0 ) 2 K -f 2Na == (S 03 K)Na -f NaNO -f KNO. 


But that the reduction of nitric oxide in alkaline solution should 
yield a hyponitrite is to be expected, and the argument is of little 
value. These compounds would repay further investigation. 

Compounds of sulphur, selenium, and tellurium with 
each other. — It is questionable whether the bodies produced by 
i using sulphur and selenium together are mixtures or compounds. 
A. yellow compound or mixture is produced by passing a current of 
hydrogen sulphide through a solution of selenious acid. It is 
probable that this reaction is analogous to that of hydrogen sul- 
phide on sulphurous acid, and if so it must be a very complicated 
one. A brick-red solid is formed when selenium and sulphur are 
fused together in the proportion of SeSs. Sulphur and selenium 
crystallise together from hot benzene in orange crystals, but the 
ratio between the two is indefinite. 

Similarly, an iron-grey mass is formed when selenium and 
tellurium are melted together. 

The compounds of sulphur with tellurium are more definite. 
Hydrogen sulphide produces in acidified solutions of tellurites a 
dark-brown precipitate of TeS*, soluble in solutions of sulphides of 
the alkalies, forming sulphotellurites. These bodies are also 
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formed wlien hydrogen sulphide is passed through a solution of a 
tellurite. The sodium and lithium salts are amorphous pale-yellow 
masses. The potassium salt, KaTeSs, separates in pale yellow needles 
when its solution is evaporated in a vacuum. The ammonium 
salt, (NH4)6TeSa, crystallises in pale yellow quadratic prisms. 
The salts of calcium, strontium, and barium are prepared by boil- 
ing solutions of the corresponding sulphides with tellurium disul- 
phide. The barium salt crystallises well. 

The other sulphotellurites are obtained by precipitation. 

The following have been analysed : — 

ZnaTeSfi j Pt3(TeS5)2 j AgreTeSg ; Au^TeS ^ ; HfirgTeSs ; and HgriiaTeSg. 

They are brown or black insoluble bodies. 

Tellurium trisulphide, TeSa, is deposited in lustrous dark- 
grey spangles from telluric acid saturated with hydrogen sulphide. 
The sulphotell urates are produced by substituting a tellurate for 
telluric acid, and filtering off the precipitated trisulphide. The 
salts of sodium and potassium are yellow and crystalline. Their 
formulae are unknown, but it is probable that their investigation 
would throw light on the constitution of sulphuric, selenic, and 
telluric acids. 

Ortho-acids. — Analogy with orthocarbonic acid (see p. 292 ), 
orthosilicic acid (see p. 806 ), and phosphoric acid (see p. 353 ) 
would lead to the supposition that orthosulphuric acid should 
possess the formula S(OH)6, corresponding to the theoretical 
P(0H)5 and C(OH)4 (of which, however, the ethyl salt is known), 
and the known Si(OH)4. It is, indeed, possible that the acid con- 
taining two molecules of water, H2SO4.2H2O, may be hydrogen 
orthosulphate. But no other salts are known. The first anhydride 
of such an acid would be the crystalline monobydrated acid, 
H2SO4.H2O = S0(0H)4 ; but, again, metals do not appear to 
replace hydrogen. The second anhydride, S02(0H)2, is the 
ordinary acid, which forms numerous salts. 

Similarly, orthosulphurous acid would correspond with the 
unknown orthosilicoformic acid, H.Si(OH)3, and the likewise 
unknown orthoformio acid, H.C(OH)3, of which, however, the 
ethyl salts are in both cases known. The formula of orthosul- 
phuroufiracid would, therefore, be H.S(OH)6. It is unknown, nor 
have any derivatives been prepared. But the sulphotellurites may 
be its sulphur-tellurium analogues, and have the constitution 
M.Te(SM)6. It is not improbable that the sulphotellurates, on 
further investigatioi^, should supply the link missing in ortho- 
sulphates. 
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It is thus evident that a systematic study of the rarer elements 
is greatly to be desired, inasmuch as light is thereby thrown on 
the relations of atoms with each other; in other words, on the 
structure of compounds. 

Physical Properties. 

Mass of one cubic centimetre : — 

SOj. Temp. -20*5° -9*9° -2 ^ (f 21*7° 85*2° 62° 62° 82*4° 

Mass 1-491 1-461 1 438 1 434 1*376 1*337 1*287 1*252 1 184 

SO2. Temp. 102-4° 120*4° 130-3° 140*8® 146*6° 151-7° 154*3° 

Mass 1-104 1-017 0*956 0*869 0*806 0*732 0*671 

Temp. 155-05° 156*0°. 

Mass 0*637 0*52. Critical temp., 156°. 

SO3, 1*936 gram at 20°. SeO^, 3*954. Te02, 5*784 at 14°. TeOs, 5*112 at 
11°. H2SO4, 1*839 at 15° ; 1*836 at 20° ; 1*833 at 25°.— H2SO4.H2O, 1*778 at 
15°.— H23O4.2H2O, 1*651 at 15°. -H2SO4.3H2O, 1-551 at 15.°— H2S2OJ, 1-9.- 
H2Se04, 2-62. 

Li2S04. Na2S04. K2SO4. Rb2S04. CS2SO4. (NH4)2S04. 

2-21 2-68 2*66 3*64 4*10 1*76 

Se — 3*21 3-08 3*90 4*34 2*20 

BeS04. CaS04. SrS04. BaS04. MgrS04. ZnS04. CdS04. 

2*44 2-97 3*97 4*48 2*71 3*62 4*45 

Se — 2*93 4-23 4*75 — — — 


802(804)3. Y2(804)3. Al2(804)3. 1112(804)3. 002(804)3. (TI2SO4). 

2*58 2*61 2*71 3 44 3*91 6*80 

Se — — — — — — 


Cr2(S04)3. 

^62(804) 

3. Fe804. 

Mn804. 

C0SO4. NiS04. 

3*01 

3*01 

3*35 

3*28 

3*47 3*42 

Se — 

— 

— 

— 

4*03 — 

Pb804. CU8O4. 

Hg:804 

. Ag:2804. 

Hg*2S04. 

H2Te04. (NH4)2Te04. 

6*00 3*61 

6-47 

5*49 

7-56 

3*42 3*00 

Se 6*22 — 

— 

6*92 

— 




Tl2Te04. 

BaTe04. 




6*75 

4*54 



Heat of combination : — 

*8 + O + Aq = SOAq + 109K. 

S + 20 = + 710K; + Aq = 77K. 80 ^ = SO 2 + 62K. 

8 + 30 = SO 3 + 1033K; + Aq = H 2 S 04 .Aq + 392K:. 
2 H 2 S 04 .Aq + 0 — HgSgOg.Aq — 283 R!. 

28 + 20 + Aq = HgSsOs.Aq + 689K. 

28 + 2ff + 60 + Aq = HjSgOg.Aq + 2796K. 


* Rhombic ; monoolinio 23K more. 
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48 + 50 + Aq = HjSiOj.Aq + 1928K. 

8 + 0 + 2CT = SOCI, + 498K ; NOj + 2Cl = SOjClj + 187K. 

28 + 50 + 2Cl = SAClj + 1630K. 

8e + 20 = 8e0|! + 572K j + Aq = HjSeOs.Aq — 9K. 

86 + 30 + Aq = H2Se04.Aq + 768K. 

Te + 20 + HjO = HjTeOj r 773K. 

Te + 80 + Aq = HjTeO^.Aq + 985K. 

2NaOH.Aq + HjSO^.Aq = Na^SO^.Aq + 314E. Similarly for — 

LijSO^. k3S04. T1 jS 04. CaSO,. SrSOi. BaS04. (NH4)2S04 all with Aq. 

313K. 313K. 311K. 811K. 307K. 3B9K. 282K. 

MgS04.Aq. Zn804.Aq. CdS04.Aq. Fe804.Aq. MnSOj.Aq. CoS04.Aq. NiS04 Aq. 
311K. 235K. 238K;. 249K. 266K. 247K:. 263K;. 

Cu804.Aq. Al2(S04)8.Aq. Crj(804)3Aq. Ie2(S04)3.Aq. 

184K. 632K. 493K. 338K. 



CHAPTER XXVIII. 


COMPOUNDS OF THE HALOGENS WITH OXYGEN, SULPHUR, SELENIUM, 

AND TELLURIUM. OXY-ACIDS OF THE HALOGENS ; HYPOCHLORITES, 

CHLORITES, CHLORATES, AND PERCHLORATES; BROMATES, lODATES, 

AND PERIODATES. 

In this group, as in the preceding, the compounds with oxygen 
present marked difPerence in most points from those with sulphur, 
selenium, and tellurium, which have already been described as 
halides on p. 167. 

While fluorine forms no compound with oxygen, those of 
chlorine, bromine, and iodine are numerous; and the compounds 
of their oxides with other oxides are well defined, and have long 
been known. The following is a list of the oxides : — 

Chlorine. Bromine, Iodine. 

CZjO ; CIO2.* (?) WPlt ; I2O6. 

Sources. — Iodine pentoxide occurs in combination with sodium 
oxide as sodium iodate in caliche^ the crude sodium nitrate found in 
Peru (see p. 325). 

Preparation. — Chlorine monoxide is produced by passing a 
current of dry chlorine over dry precipitated mercuric oxide, con- 
tained in a tube cooled with ice. The chlorine combines with the 
mercury, forming an oxychloride, and with the oxygen, forming 
chlorine monoxide, thus : — 2 HgO -j- 26^2 = Hg 2 Cl 20 -f QUO, The 
gaseous monoxide is condensed in a freezing mixture of finely - 
powdered ice and salt. If a lower temperature can be obtained for 
condensation it should be employed, for the yield is thereby much 
increased. 

Ordinary red oxide of mercury, owing to its compact nature, 
cannot be used in this preparation ; the yellow variety, produced 
by addition of caustic soda to mercuric chloride, and dried at 400°, 
must be employed. 

Compounds of the formulss CIO and CI 2 O 3 are unknown. 

Chlorine peroxide, CIO 2 , is formed by heating chloric acid, 
HCIO 5 (see p. 464). 

* Annalen, 177 , 1 ; 218 , 113 . BeHchte, 14 , 28. 

t Compt. rend.^ 85 , 957. 
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The reaction is expressed by the equation : — SHClOj = HCIO4 
4 - 2(7/02 + H2O ; perchloric acid being formed simultaneously. It 
is more convenient to prepare it from potassium chlorate and con- 
centrated sulphuric acid, yielding chloric acid, which decomposes 
as above. The temperature should not exceed 40°, else a danger- 
ous explosion will result. 

No o’xides of bromine have been isolated. 

Iodine trioxide, I2O3, is said to be produced by the action of 
ozone on iodine. 

Iodine pentoxide, I2O5, is produced by heating iodic acid, 
HIO3, to 170°. It is the anhydride of this acid : — 2HIO3 = I2O5 
+ H,0, 

Properties.— Chlorine monoxide, ChO, is a yellowish-brown 
gas, condensing to a dark brown liquid,* which boils at 5° under a 
pressure of 738 mm. (about 6° under normal pressure). It is 
soluble in water, forming a yellow solution of hypochlorous acid ; 
hence it is sometimes named hypochlorous anhydride. It is 
inadvisable to collect more than a drop or two in a test-tube, for it 
is exceedingly explosive. The gas can be exploded by gentle heat, 
by throwing into it a pinch of flowers of sulphur, or by contact 
with organic matter. Its density at 10° is normal. 

Chlorine trioxide does not exist. The gas, formerly believed to 
be this substance, produced by the mutual action of nitric acid, 
potassium chlorate, and arsenic trioxide, has been shown to 
consist of the peroxide mixed with variable amounts of free 
chlorine. 

Chlorine peroxide, CIO2 (comp, nitric peroxide, NO2), is a 
dark red liquid, boiling at 9° under a pressure of 730 mm. (about 
10*6° at 760 mm.). It forms a reddish-brown gas, which explodes 
when heated, often, indeed, at the atmospheric temperature. Its 
density at 10*7° and 718 mm. was found to correspond with the 
formula it does not appear, therefore, to resemble nitric 

peroxide in forming a polymeride. With water it forms a mixture 
of chlorous and chloric acids. 

Chloric acid and hydrogen chloride decompose one another to 
a great extent, giving a mixture of chlorine peroxide and free 
chlorine. This mixture, which is evolved by the action of hydro- 
chloric acid diluted with its own volume of water on potassium 
chlorate, or by distilling a mixture of potassium chlorate, salt, 
and dilute sulphuric acid, was long believed to be a definite oxide 
of chlorine, and was named by Sir Humphrey Davy, its discoverer, 

* Berichte, 16, 2998 j 17, 157. Annalm, 880, ^73. 
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eurhlorine. The equation expressing complete decomposition 
would be HCIO3 -h 5HC1 = 3H2O -f SCI 2 ; but the reaction is only 
a partial one, the chloric acid yielding perchloric acid and chlorine 
peroxide, as already described, mixed with variable quantities of 
chlorine. 

Iodine pentoxide^ I2O5, is a white solid, crystallising in the 
trimetric system. When heated to 180 — 200° it decomposes, with- 
out explosion, into iodine and oxygen. It combines with water, 
forming iodic acid. 

Iodine forms no other oxides capable of free existence. 
Compounds with water and other oxides.— The oxides 
described combine with water, forming compounds termed acids. 
They are as follows : — 

(1.) IICIO,* hypochlorous acid. MBrO, hypobromite. MIO, hypoiodite. 

(2.) HCIO 2 ,* chlorous acid. — — 

(3 ) HCIO3, chloric acid. MBrOg, bromate. HIO 3 , iodic acid. 

( 4 .) HCIO4, perchloric acid. — H5IO5, periodic 

acid. 

It is to be noticed that the perchloric and hypobromous acids 
and salts of bromic and hypoiodous acids are known, whereas the 
free oxides have not been prepared, owing to their instability. 

1. Hypochlorites, hypobromites, and hypoiodites of the 
metals of the sodium and calcium groups are produced by the 
action of the halogen on solutions of the respective hydroxides, 
thus : — Ok + 2KOH.Aq = KCl.Aq H- KOCl.Aq -f H^O ; 2Ck + 
2Ca(OH)2.Aq = CaCh.Aq 4- Ca(OCl)2.Aq + 2H2O ; and the 
hypochlorites are also formed by acting on the hydroxides with 
hypochlorous acid. 

Hypochlorous acid is easily prepared in dilute solution by 
shaking precipitated mercuric oxide with chlorine- water, and 

filtering from the precipitated mercuric oxychloride, thus : 

2HgO 4 2Cl2.Aq = HgCl^.HgO 4 2HC10.Aq. It forms a pale 
yellow solution, with a pleasant smell of seaweed ; it possesses 
very powerful oxidising and bleaching properties. It reacts at 
once with hydrochloric acid, forming chlorine and water, thus : — 
HClO.Aq + HCl.Aq = H3O 4- 4- Aq. It cannot be obtained 

in concentrated solution, for it decomposes into chlorine and 
oxygen. It can also be produced by passing chlorine through 
water containing calcium carbonate in suspension, thus : — CaCOs 
4- Aq 4’ OI 2 == CaCh.Aq 4 CO 2 4 2HC10.Aq. By distillation the 
hypochlorous acid may be separated from the calcium chloride ; 

* Known only in solution. 
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it comos over, along with water, in the first portion of the distillate. 
A similar action takes place with solution of sodium carbonate. 
When a current of chlorine is passed through it, a mixture of 
chloride and hypochlorite is formed at first, thus : — 

NaaCOa-Aq + = ISTaCl.Aq + NaClO.Aq + OO 2 ; 

further action of chlorine liberates hypochlorous acid, thus : — 

NaClO.Aq + Gh + H 2 O = NaCl.Aq + 2HC10.Aq. 

Hypobromous acid may be obtained in dilute aqueous solu- 
tion, by shaking precipitated mercuric oxide with bromine -water. 
It is a yellow liquid, with a smell closely resembling that of hypo- 
chlorous acid. 

Hypoiodous acid has not been obtained in the free state. 

Hypochlorites, hypobromites, and hypoiodites. — Only one 
salt, viz., calcium hypochlorite, Ca(0Cl)2.4H20, has been prepared 
in an approximately pure state. 

It has been stated that when a hydroxide, dissolved in water, 
is saturated with chlorine in the cold, a mixture of a hypochlorite 
and chloride is formed. Thus with sodium hydroxide : — 

2NaOH.Aq + OZ 2 = IS'aCl.Aq -f NaOCl.Aq -f H 2 O. 

But sodium hypochlorite, owing to its instability, has never been 
isolated. Such a solution has, however, great oxidising power, and 
is named “ Labarroque’s disinfecting liquid.’’ A similar mixture 
of potassium chloride and hypochlorite used to be known as “ Eau 
de Javelle,” and was formerly used for bleaching. 

The most important compound of this acid is a double chloride 
and hypochlorite of calcium, known commercially as bleaching- 
powder or chloride of lime.”* It is produced on the large 
scale by passing chlorine over slaked lime (calcium hydroxide), 
spread in thin layers on slate shelves, in a building specially con- 
structed for the purpose (see Alkali-manufacture, p. 670). The 
reaction which takes place is : — 

Ca(OH)2 + Oh = Ca(OCl)Cl -f H2O. 

That this body really is a definite compound of the formula 
OCl 

Ca<[Qj , and not a mixture of chloride and hypochlorite of 
calcium, is shown by the fact that calcium chloride is deli- 

♦ Gay-Lussac, Annates^ 26, 163; Odling, Manual, 1861, I, 66; Kopfer, 
Chem. Soc., 28, 713 ; Kiugzett, ibid,, 28, 404 ; Sfcahlschmidt, JDingl. polyt. J., 
221, 243, 335. 
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quescent, soon liquefying by attracting moisture from air ; 
but bleaching- powder does not deliquesce. Moreover, calcium 
chloride and hypochlorite are both exceedingly soluble in 
water ; but 1 part of bleaching-powder requires about 20 parts 
of ^ater to effect solution ; it usually leaves a slight residue 
consisting of calcium hydroxide, some of which it almost always 
retains in the uncombined state. But this compound, Ca(OCl)Cl, 
is decomposed by water. For on cooling a saturated solution, 
or on evaporating it over sulphuric acid, calcium hypochlorite, 
Ca(OCl)2, crystallises out, in transparent, very unstable crystals, 
while calcium chloride, which is more soluble, remains in solution. 

Bleaching-powder is a white non-crystalline powder, smelling 
of hypochlorous acid. Its solution bleaches, owing to its parting 
with oxygen, thus: — Ca(OCl) 2 .Aq = CaCh.Aq + 20. This 
change is greatly facilitated by addition of an acid, whereby 
hypochlorous acid is liberated, which gives up its oxygen, being 
converted into hydrochloric acid. Hence, goods to be bleached 
are first run through an aqueous solution of bleaching-powder, 
and then through a bath of dilute sulphuric acid. 

Calcium hypochlorite gives no precipitate with silver nitrate, 
for silver hypochlorite is very soluble. Metallic mercury is 
converted by hypochlorous acid into oxychloride, but by chlorine 
into chloride ; hence it is possible to distinguish the one from the 
other in aqueous solution. 

When distilled with dilute sulphuric, nitric, phosphoric, or 
even hydrochloric acid, if the last is not in excess, hypochlorous 
acid is found in the distillate. Excess of hydrochloric acid 
produces the decomposition: — HClO.Aq HCl.Aq = H 2 O + 

Gh -h Aq ; but, if only enough hydrochloric acid is used to liberate 
hypochlorous acid, the latter distils over. 

The action of a cobalt salt on a solution of chloride of lime is 
to form hydrated cobalt sesquioxide. On boiling, even a minute 
proportion of this oxide causes evolution of oxygen from the solu- 
tion of bleaching-powder. It is supposed that the black hydrated 
oxide of cobalt is further oxidised to an oxide, the formula of 
which is unknown, and that this higher oxide is simultan- 
eously decomposed, liberating oxygen. Such an action is termed 
“catalytic.’’ The final reaction is 2CaCl(OCI).Aq = 2CaCl2.Aq 
“h O2, 

Chlorine acts on silver hydroxide suspended in water, forming 
silver chloride and hypochlorous acid. If the oxide be present in 
large excess, and if the solution be shaken, the odour of hypo- 
chlorous acid disappears, and the solution contains the very solu- 



464 THE OXIDES, SULPHIDES, SELENIDES, AND TELLURIDES. 


ble silver hypochlorite. But on standing, decomposition soon 
ensues, chlorate and chloride of silver being produced : — 

6AgC10.Aq = 5AgCl -h AgClOa.Aq. 

The only other known compound of chlorine monoxide is a red 
body, crystallising in needles, produced by its action on sulphur 
trioxide. It has the formula CI2O.4SO3. It melts at about 50°, 
and is at once resolved by water into sulphuric and hypochlorous 
acids. 

Hypobromites and hypoiodites have not been obtained free 
from admixture with bromides and iodides. They are even less 
stable than hypochlorites, and are similarly produced. Both 
bromine and iodine dissolve in caustic soda or potavsh solution, 
forming yellowish liquids, which possess a fragrant chlorous smell. 
They presumably contain in solution the respective hypobromite 
or hypoiodite. They rapidly decompose on standing into bromide 
or iodide, and bromate or iodate, thus ; — 

bKBrO.Aq = SKBr.Aq -h KBrOa.Aq; 

GKIO.Aq = 5KI.Aq + KIOg.Aq. 

Chlorous acid and chlorites. — When chlorine peroxide, 
CIO2, is added to water, it yields a mixture of chlorous acid, pre- 
sumably HCIO2, and chloric acid, HCIO3, thus : — 2C102 -f H^O + 
Aq = HC102.Aq -f- HClOa.Aq. But chlorous acid has not been 
examined. The reaction is strictly analogous to that between 
nitric peroxide and water (see p. 334). 

Similarly, the addition of chlorine peroxide to an aqueous 
solution of a hydroxide yields a mixture of a chlorite and 
a chlorate. Potassium chlorite is more soluble than the 
chlorate, and may be obtained crystallised in thin needles. It has 
the formula KGIO 2 . The lead and silver salts are sparingly 
soluble, and may be precipitated. They crystallise from a warm 
solution in thin yellow plates. 

Chloric, bromic, and iodic acids : — chlorates, bromates, 
and iodates. — These compounds may be viewed as combinations 
of the unknown chlorine and bromine pentoxides, and of the 
known iodine pentoxide, with water and oxides. 

Chloric acid, HCIO3, is best prepared by adding the requisite 
amount of dilute sulphuric acid to barium chlorate (see below), 
filtering from the precipitated barium sulphate, and concentrating 
by evaporation i/h, i^acuo over sulphuric acid. It is a colourless syrupy 
liquid, which is at once decomposed at 100® into perchloric acid. 
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water, and chlorine peroxide, which itself explodes into chlorine 
and oxygen. Ic oxidises organic matter with great energy, often 
igniting it. 

Promic acid, HBrOa.Aq, is similarly prepared. It is even 
more unstable than chloric acid, and decomposes, giving off 
bromine and oxygen, befoi*e it can be rendered syrupy by evapora- 
tion. 

Iodic acid may be similarly prepared from barium iodate. 
But it is more conveniently prepared by direct oxidation of iodine 
by means of strong nitric acid. Convenient proportions are 
5 grams of iodine and 200 grams of strong nitric acid; the 
mixture is kept at 60° for an hour. Iodic acid separates out ; and a 
further quantity may be obtained by distilling off the nitric acid. 

The oxidation may also be effected by means of chlorine and 
water, or of potassium chlorate and hydrochloric acid, which 
yield nascent oxygen. Iodine suspended in about ten times its 
weight of water is treated with a current of chlorine till the iodine 
is completely dissolved. Sodium carbonate is then added, which 
throws down a portion of the iodine, to be collected and treated 
as before. The liquid is then mixed with barium chloride, which 
throws down barium iodate, which is collected and decomposed by 
boiling with the requisite quantity of sulphuric acid. The solu- 
tion is filtered from the insoluble barium sulphate, and boiled 
down, when the iodic acid separates in crystals. 

The acid HIO3 is a white, easily soluble substance, crystal- 
lising in hexagonal tables. At 130°, or when digested with abso- 
hite alcohol, it loses water, forming the less hydrated compound, 
HlsOs = SlaOft.HgO. At 170°, this body forms the anhydride, 
I.Os ; and the acid may again be produced by dissolving the anhy- 
dride in water. 

Another hydrate, laOj.SHaO = 2H6IO5, has also been ob- 
tained, crystallising in hexagonal tables. 

Iodic and hydriodic acids cannot exist in the same solution ; 
they react forming iodine and water, thus : — 

5HI.Aq -f HIOa-Aq = SIz -f SHaO + Aq. 

Chlorates, bromates, and iodates.— These bodies are pro- 
duced (1) by heating the hypochlorites, hypobromites, or hypo- 
iodites, thus : — 3MXO = MXO3 -f 2MX ; (2) by treating the acids 
with hydroxides or carbonates ; or (3) by acting on barium chlorate, 
bromate, or iodate with the solution of a sulphate. Some are 
produced by precipitation, e.gf., lead, mercurous, and silver 
bromateS) and many iodates. 

2 H 
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2 LiCa 03 .H 20 ; NaClOgj KCIO,; RbClOg; NH 4 CIO 3 .— LiBrOg ; NaBrOa; 

KBrOs; NH4Br03.— LilOg ; XalOs-HsO and ; KIO3; NH4IO3. 

These salts are white, solable crystalline bodies, all of which 
are decomposed by heat, giving off oxygen, and leaving the halide, 
thus : — 2 MXO 3 = 2MX -|- 3 O 2 . If a chlorate be employed, part 
of the oxygen converts chlorate into perchlorate, thus : — MCIO 3 
-f O = MCIO4. But there appears to be no definite ratio between 
the amount of perchlorate formed and the amount of oxygen 
evolved. The application of heat should be continued until a 
sample of the residue gives no yellow coloration on addition of 
hydrochloric acid. Perbromates and periodates do not appear to 
be thus produced. The ammonium salts decompose with explosive 
violence, giving nitrogen, water, and the halide of hydrogen. 

Potassium chlorate is the most important of these salts. It 
is formed by boiling a solution of the hypochlorite, thus : — 
SKClO.Aq = KClOa.Aq -f 2KCl.Aq. As the chlorate is much 
less soluble than the chloride, it crystallises out on evaporation. 
The preparation of the chlorate may, however, be carried out at 
one operation. Chlorine passed into a cold solution of potassium 
hydroxide yields chloride and hypochlorite ; if the solution be 
heated during passage of the chlorine, the chlorate is produced, 
^he complete reaction is : — fiKOH.Aq -f 3 CZ 2 = 5KCl.Aq H- 
KClOa.Aq 4“ 3 H 2 O (see also p. 462). Potassium carbonate may 
be substituted for the hydroxide ; in this case carbon dioxide is 
evolved. 

Potassium chlorate crystallises in monoclinic six-sided plates 
often of considerable size. It is insoluble in alcohol, and sparingly 
soluble in water, 1 part of the salt requiring at 15® about 15 parts 
of water for solution. When heated, it fuses at 388®, and at a some- 
higher temperature begins to evolve oxygen. If manganese di- 
oxide be mixed with the chlorate, a much lower temperature 
suffices to cause evolution of oxygen, while a little chlorine is also 
evolved. It is suggested that the nature of the change which 
takes place is the temporary formation of potassium permanga- 
nate, according to the equation 2Mn02 + 2KCIO3 = 2KMn04 -f 
Gh, -f O 2 , and that the permanganate is further decomposed into 
oxygen and peroxide of manganese, ready to undergo further 
oxidation. The reaction would then to some sense be analogous 
to that of cobalt sesquioxide on a hot solution of bleaching-powder 
(seep. 463). As has been already mentioned, the decomposition 
of potassium and other chlorates probably occurs in two stages ; — ^ 

* Spring and Prost, JBull, 80 c, Chim. (3), 1, 340. 
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(1.) The chlorine pentoxide of the chlorate K20.Cl20fi is decom- 
posed into chlorine and oxygen ; and (8) the nascent chlorine dis- 
places oxygen from the potassium oxide, KgO. That this is the case, 
fl'Ppoars to follow from the behaviour of other chlorates, in which 
the oxygen of the metallic oxide is only partially displaced by 
chlorine ; such chlorates yield a mixture of oxygen and free 
chlorine. For example, 100 grams of barium chlorate yield 
0’28 gram of free chlorine ; of mercuric chlorate, 3*7 ; of lead 
chlorate, 8*0 ; of copper chlorate, 12*5 ; and of zinc chlorate, 
14*4 grams. In such cases the oxygen of the metallic oxide 
remains behind in part, while chlorine is evolved in greater or less 
quantity, according to the conditions of the reaction. If potassium 
chlorate be perfectly pure, no chlorine is evolved ; the displacement 
of oxygen is perfect. 

The bromates, when heated, yield up oxygen, but no per- 
bromate is formed. Experiments as regards free bromine have 
not been made. The iodates likewise decompose into iodides and 
no periodates being formed ; but iodine is liberated along 
with oxygen from sodium iodate. 

Double salts.— HNa(I 03 ) 2 ; HgNaClOalg; HK(I 03 ) 3 , HgKClOala. 

These salts are prepared by acidifying the ordinary salts with 
hydrochloric, nitric, or iodic acid, which practically amounts to 
mixture of the constituents. They form white soluble crystals. 
Their existence would lead to the conjecture that the formula of 
iodic acid is a multiple of HIO3. 

NaIO3.2NaBr.9H2O; 2NaIO3.3NaCl.9H2O; NalOg.Nal.lOHsO ; 

HK(I 03 ) 2 .KC 1 .— KIO 3 .HKSO 4 . 

These soluble crystalline salts are obtained by mixture. 

Ca(C 103 ) 2 . 2 H 20 ; SrCClOala-SHgO ; BaCClOala.— 
0 a(Br 03 ) 2 .H 20 ; Sr(Br03)2.H20 ; Ba(Br 03 ) 2 .H 20 .— 
Ca(I03)2.5H20; Sr(I03)2.nH20; Ba(I03)2.H20. 

These are sparingly soluble white crystalline salts, best pro- 
duced by mixing potassium chlorate with the acetate or chloride 
of calcium, strontium, or barium, and evaporating to crystallise. 
The more soluble acetate or chloride of potassium remains dis- 
solved, while the halate crystallises out. Beryllium iodate is said 
to be a gummy mass. 

Mfir(0108)2.6H20 ; Zn(0108)2.6H20.— Mfir(Br03)2.6H20 ; Zn(Br08)2.6H20 j 

Cd(Br08)2.H20.— M:gr(I03)2.4H30 j Zn(I 03 ) 2 . 2 H 20 . 


2 H 2 
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The chlorates and bromates and the iodate of magnesium are 
easily soluble in water ; zinc iodate dissolves sparingly. They are 
all white and crystalline. 

Y(C108)3.— Y(Br08)3j La(Br03)3.9H20.— Y(I03)3j 2I.a ( 103 ) 3 . SHaO? 

These are sparingly soluble crystalline white salts. 

A1(0108)3 (P), Al(Br03)3 (P), A1(I03)3 (P). 

These are deliquescent syrups ; the iodate appears to crystal- 
lise. The gallium and indium salts have not been prepared. 
TICIO3, TlBrOa, and TIIO3 are white sparingly soluble crystals. 

The salts of chromium and ferric iron are indefinite. A basic 
iodate of the formula 2i2O5.Pe2O3.8H2O, or 4Pe(I03)3Pe203.24H20, 
has been prepared. 

FeCBrOala; ^0(103)3; Oo(C103)2.6H20 ; Ni(C103)2.6H20.— CoCBrOgls-eHaO ; 

Ni(Br03)2.6H20.— Mn(I03)2.H20 ; Co(I03)2.H20 ; Ni(I03)2.H20. 

These are coloured crystalline salts. The chlorate and bromate 
of n)anganese are known in solution. They all readily decompose, 
the metal being oxidised to a higher oxide. 

Ce (0103)3. ^£[20 j Ce(Br03)3.W’H[20 » 00(103) 3. 7 i'Hl 20 . 

White salts ; the iodate is sparingly soluble. 

Pb( 0103 ) 2 .H 20 J Pb(Br 03 ) 2 .H 20 and Pb(I 03 ) 2 . 

Sparingly soluble salts. No compounds of the other elements 
of this group have been prepared. 

The compound S03.I205 is said to be obtained in granular 
crystals by the action of sulphur trloxide on iodine pentoxide at 
100 ^* 

2 Bi(I 03 ) 3 .H 20 , and a basic bromate, 2 Br 2 O 5 . 3 Bi 2 O 3 .BH 2 O, have been pre- 
pared. They are insoluble. * (V 02 )(I 03 ^ 2 «hH 20 is a yellow precipitate. It is 
the only known compound of this group. 

No compounds of the palladium or platinum groups, or of gold, 
have been prepared. 

AsrOlOs,* AsrBrOs; A9IO3; Hg-OlOg; HfirBrOg; H^IOa* 

Chlorate of silver is soluble ; the other salts given above are 
sparingly soluble white bodies, produced by precipitation. 

♦ J, 'prakt, Chem.y 82. 72. 
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Cu( 0103)2.6H20; Cu(Br 03 ) 2 . 5 H 20 ; 2OUIO3.3H2O.— 

Hfir(0103)2; Hfir(Br 03 ) 2 . 2 H 20 ; H8r(I03)2. 

Chlorate and bromate of copper and mercuric chlorate are 
easi^ soluble ; the remaining bodies are nearly insoluble. 

It will be noticed that as a rule the chlorates become more 
soluble, the bromates and iodates less soluble, as the elements 
follow in the periodic order. It would be advisable to attempt to 
prepare double salts of the chlorates and bromates, and also of 
such iodates as those of calcium and magnesium. 

Double iodates. — Ohromiodates.^ — By dissolving chromium 
trioxide in iodic acid, and evaporating over sulphuric acid, ruby- 
red rhombic crystals of chromiodic acid, lO^.O.CrOz.OH, are 
deposited. With iodates, corresponding chromiodates have been 
prepared, viz., lO^.O.CrOa.OLi.H.O, I02.0.Cr0z.0Na.H20, 
I02.0.Cr02.0K, and I02.0.Cr02.0NH4. Manganese, cobalt, 
and nickel salts have also been prepared. These compounds have 
a brilliant red colour, and are decomposed by water into chromates 
and iodates. 

Perchloric and periodic acids, perchlorates, and per- 
iodates. — Perbromio acid and perbromates are unknown. These 
acids and salts may be regarded as compounds of the unknown 
heptoxides, CI2O7 and I2O7, with water and oxides. Perchlorate of 
potassium is the starting point for the perchlorates. It is pro- 
duced by heating the chlorate, some of the nascent oxygen com- 
bining with the chlorate and oxidising it; or by heating the 
chlorate with nitric acid, thus : — 

3KCIO3 4 - 2HNO3 = KCIO4 -f 2KNO3 -f- H2O + 2O2. 

By the first method, a mixture of chloride and perchlorate of 
potassium is produced ; by the second, a mixture of perchlorate 
and nitrate. They are separated by crystallisation, the perchlorate 
being much less soluble than the chloride or nitrate. From potas- 
sium perchlorate, perchloric acid is produced by distillation 
with sulphuric acid ; it comes over at 203 ° as an oily liquid con- 
taining 70*3 per cent, of HOIO4. On mixing this hydrate with 
twice its volume of oil of vitriol and again distilling, anhydrous 
perchloric acid distils as a yellowish strongly fuming liquid. On 
further distillation, the oily hydrate passes over, and when it 
comes in contact with the anhydrous acid they combine to form a 
hydrate, HCIO4.H2O ; a little sulphuric acid also distils over. The 


Coinpt rend.f 104 , 1514. 
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crystals, collected and distilled alone, yield pure perchloric acid in 
the first portions of the distillate. 

The anhydrous acid, HCIO4, is a colourless very volatile liquid 
Its specific gravity is 1*782 at 15*5°. It explodes violently ^hen 
brought in contact with any oxidisable matter, and hisses when 
dropped into water. It decomposes when boiled, leaving a black 
explosive residue. It also decomposes, frequently with explosion, 
at the ordinary temperature. The monohydrate, HCIO4.H2O, pro- 
duced by addition, is a white solid, melting at 50°, and decompo- 
sing at 110° into pure acid and the oily hydrate mentioned above, 
which resembles sulphuric acid in appearance, and distils un- 
changed at 203°. An aqueous solution of perchloric acid does not 
bleach, and reddens litmus. It is also not reduced by hydrogen 
sulphide or sulphur dioxide. 

Periodic acid, HelOe (= HIO4.2H2O), is prepared from 
a periodate. The starting point is sodium iodate, NalOg, which 
is oxidised by sodium hypochlorite. A mixture of sodium iodate 
and caustic soda is saturated with chlorine, when the reaction 
occurs: — NalOa.Aq -h SNaOH.Aq -f Ok = HaNa^.IOe.A-q -f 
2NaCl.Aq ; or 1 part of iodine and 7 parts of sodium carbonate are 
dissolved in 100 parts of water and saturated with chlorine. The 
iodate at first formed is converted into periodate, which crystal- 
lises out, being sparingly soluble in water. This periodate is dis- 
solved in nitric acid free from nitrous acid, and silver nitrate is 
added ; the precipitated trihydrogen diargentic periodate is dis- 
solved in hot dilute nitric acid and evaporated until monoargentic 
periodate, AglOi, crystallises out. On treatment with water, this 
salt undergoes the change 2 AgI 04 -h 4 H 2 O = H 3 Ag 2 lOe -f HsIOe. 
The silver salt is removed by filtration, and the filtrate on evapo- 
ration deposits crystals of periodic acid. 

Periodic acid, HglO^, forms white, oblique, rhombic prisms 
which melt between 130° and 136° with decomposition into iodine 
pentoxide, water, and oxygen. It is easily soluble in water, and 
sparingly in alcohol and in ether. Unlike perchloric acid, it is at 
once reduced by hydrochloric or sulphurous acids and by hydro- 
gen sulphide. 

The perchlorates and periodates are produced in the usual 
manner. 

Na0104; KGIO4; NH4OIO4; LiI04; NaI 04 ; KIO4. 

The sodium salts are very soluble j potassium perchlorate is 
one of the least soluble of potassium salts ; hence perchloric acid 
may be used as a means of precipitating potassium. It is almost 
insoluble in alcohol. The iodate is also sparingly soluble. 
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Ca( 0104 )a; Ba(C104)2. 

These are very soluble. No periodates are known, except 

CaCIOOa. 

Zn(C 104 ) 2 ; Od(ClO4)2.~M»(IO4)2.10H2O ; 0d(I04)2. 

These are white soluble salts. 

The remaining perchlorates which have been prepared are : — 

I’e(C 104 ) 2 . 6 H 20 ; Mn(C104)2; Pb(C 104 ) 2 . 3 H 20 } (Pb20)(C104)2.H20; 

Cu (0104)2; AfirC104; Hff 0104 . 3 H 20 ; Hgr(C 104 ) 2 . 

They are all soluble in water and crystalline, except the silver 
salt, which is a white powder. 

Only a few corresponding periodates are known, viz., Fe(I 04 ) 3 , 
a bright yellow powder; AglOi, crystallising in orange-yellow 
crystals ; and Pb (104)2, an amorphous red salt. 

Many complex periodates are known, which may be best 
explained by reference to the conception of a normal hydroxide, 
as follows : — Sodium and elements of that group tend to form only 
a monohydroxide, M.OH ; those of the magnesium and calcium 
groups, dihydroxides, M^^(OH)2; those of the boron and aluminium 
groups, trihydroxides, M“^(OH)3; silicon, and possibly other mem- 
bers of the carbon and silicon groups, tetrahydroxides, M^^(0H)4; 
but here we notice instability, so that the first anhydrides of such 
bodies, M^'^0(0H)2, are more stable; the pentahydroxides of ele- 
ments of the nitrogen and phosphorus groups are non-existent ; 
but their first anhydrides are known with phosphorus, arsenic, &c., 
in phosphoric and arsenic acids, P^O(OH)3 and As^O(OH)3. 
Hexahydroxides may be inferred in the case of normal sulphuric, 
selenic, and telluric acids ; again, their existence is doubtful in any 
definite cases ; but their second anhydrides, such as S^^02(OH)2, 
are well-known bodies ; and it would follow that the elements of 
the chlorine group should produce heptahydroxides, M^^*(OH)7. 
Such substances are unknown with chlorine, but the assumption 
of their existence affords a means of representing systematically 
many of the compounds of periodic acid. 

The perchlorates, which possess the general formula MCIO4, 
may be regarded as the metallic derivatives of the third anhydrides 
of the hypothetical heptahydroxides, thus : — 

Normal salt Cl(OM)7 ; 

First derivative . . C 10 ( 0 M) 5 ; 

Second derivative. C 102 ( 0 M) 3 ; 

Third derivative. . ClOaCOM). (Ordinary perchlorate.) 
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Such derivatives are known with the periodates. Those of the 
last class have already been considered; it remains to describe and 
classify the derivatives of the first and second anhydrides of tlie 
normal acid, H7IO7, which, however, is unknown as such. The 
acid HIO4 is unknown ; the known acid HsIOe, which has bSen 
described, is the first anhydride of the theoretical normal acid, 
H7IO7. It has been snpfgested that derivatives of the type MTO’i 
should be named meta-periodates, as the phosphates of the type 
MPO3 are termed meta-phosphates ; derivatives of the formula 
M3IO* have been termed meso- (middle) periodates; of the type 
MfilOe, para-periodates; and of the type M7IO7, ortho-perio- 
dates. Besides these derivatives, some of a still more condensed 
type are known. 

Singrle Salts, containing* only one Metal. 

Para-periodates.— H5IO6 ; LiglOg; BagClOels; Pe^gClOela; AffglOg ; 

HgsIOg; Cu5(I06)2.5H20 ; Hg 5 (I 06 ) 2 . 

Meso-periodates.— Nig (105)2; ^*^3(105)2; AffglOg. 

Doable Salts. 

Ortho-periodates.— HgNalO;; H5K2IO7.2H2O ; H4(NH4)MgI07.H. O ; 

(M7IO7). SHsZnlOj.HgO; H5CaI07.2H20 ; H5SrI07.H20; 

H5BaI07.H20; HFe«i2lO7.20H2O. 

Para -periodates. — H3Li2l0g ; H 3 Na 2 lOe ; H2Nra3l06 ; H 3 (NH 4 ) 2 l 05 ; 

(MfilOg) . HgMglOg.PHaO ; HZnglOg ; HCdsIOg.HsO ; HgCalOg ; 

PHgSrIOg.HsO ; HgBalOg, anhydrous, and with 

4H2O; HgPelOg; H4Pb3(IO«)2; HgAgglOg ; 

H2Ag3lOe ; HCu*J2l06, anhydrous, and with 3H2O. 

Meso-periodates. — HCdlOg, anhydrous and with 4H2O ; HsAglOg ; 

(MalOg). HAgglOfi. 

This classification must be regarded as merely provisional ; it 
is, as a rule, impossible to decide whether hydrogen should be 
included in the formula, or should belong to water of crystallisation. 
For example, the salt HCdlOg is a meso-periodate when thus 
written ; but it has also been prepared of the formula HCdJ O6.4H2O. 
If one molecule of this water be included, it becomes a para-perio- 
date, thus : — HaCdlOa.SHgO; if two molecules of water be included, 
its formula is that of an ortho-periodate, thus : — HgCdI07.2H20. 
Lastly, the salt HCdlOa still contains hydrogen j by doubling its 
formula and subtracting the elements of water, we have 
2HCdI05 •— HaO = CdalaOa, a diperiodate. To form any definite 
conclusion is difficult, for the individuality of each of the four 
classes of compounds is not well marked, as in the case of the 
analogous phosphates. 

Derivatives of condensed periodic acids are also known. These 
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may be viewed as derived from a hypothetical diperiodic acid, 
analogous to pyrophosphoric and phosphoric acid and to anhydin- 
sulphuric acid, of the formula l20(0H)ia, from which there are^ 
deducible the five anhydro-acids, (1) l20a(OH)io; (2) l203(0H)8; 
(3; l204(0H)6; (4) 1205(011)4; and (5) I206(0H)2. Derivatives 
of the dodeca-, of the deca-, and of the hexa-hydroxyl acids, 
l20(0H)i2, l202(OH),o, and l204(0H)6, are unknown; the others 
may be classified as follow : — 

Octoliydroxyl add. — 1)19412011 ; A98I2O11 ; H^glgOn. 

Tetrahydroxyl acid. — £41209 ; ££31209 ; Mgr2l209 ; H£el209 ; £12X209 ; 

A94l20g, anhydrous, also with HgO and 3H2O. 

The salt AgJ,0s.H,0 is not identical with the para-periodate 
of similar percentage composition, HAg2l05; they differ in ap- 
pearance, and while the molecule of water in the first salt is lost at 
100 °, no change occurs on heating the second salt until the tem- 
perature rises to 300°. And the two compounds H3Ag2l06 and 
Ag4l209.3H20 are also quite different from each other in chemical 
and physical properties. 

Formation. — To describe the method of formation of each 
individual salt would occupy too much space. The general 
methods are : — 

Meta-periodates (MIO4) are produced by boiling di-, meso-, 
or para-periodates with nitric acid ; thus, for example : — 

H3Ag2lOe + HNO 3 = AgI04.H20 + H 2 O + AgNOa. 

Di-periodates are changed to para-periodates by treatment with 
silver nitrate: — 

K4l209.Aq + 4AgN03.Aq + 3H2O = 2H3Ag2l06 + 4KN08.Aq. 

Para-periodates yield meso-periodates when their double salts 
with hydrogen are heated : — 

H4Pb3(IOe)2 = Pb3(I05)2 + 

Meso-periodates may in analogous manner yield di-period- 
ates : — 

2HAg2l06 = Ag4l209 -f- 1I%0. 


Meta-periodates are often decomposed by water, yielding para- 
periodates, e,g . ; — 


2AgI04 + 4H2O = H 3 Ag 2 l 06 -f H5IO5. 
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Derivatives of a few still more condensed types are known, 
e.g. 

Ba 5 l 40 i 9 ; Aflriol 40|9 j 0d}(,Ig03i,15B[20. 

A remarkable compound of tbe formula NjOe.ClaO? t= 
N206(C104)2, or Cl207(N03)2, bas been produced by passing a 
silent electric discharge through a mixture of chlorine, nitrogen, 
and oxygen.* It is a white solid, easily volatile in a vacuum ; it 
deliquesces in air, giving a mixture of nitric and perchloric acids. 


Physical Properties, 

Mass of one onbio centimetre : — 

I 2 O 5 , 4‘8 grams at 9°. HIOs, 4*87 grams at O’’. 

Heats of combination 

2Cl + 0 = Cl^O - 178K; + Aq = 2H001.Aq + 94K. 
2 a + 60 + Aq = 2 HC 103 .Aq ~ 204K. 

20; + 70 + Aq =* 2 HCl 04 .Aq + 42K. 

2Br -I- O + Aq == 2H0Br.Aq - 162K. 

2Br + 50 -I- Aq = 2 HBr 03 .Aq - 436K. 

21 + 50 « I 2 O 5 + 453K ; + HjO = 2m03 *+• 26K. 

21 + 70 h Aq = 2 H 3 l 06 .Aq + 268K:. 


* Comptes rend.f 98, 626. 
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CHAPTER XXIX. 

OXltJES, SULPHIDES, AND SELENIDES 0? RHODIUM, RUTHENIUM, AND 
PALLADIUM ; — OF OSMIUM, IRIDIUM, AND PLATINUM ; PLATINO- 
NITRITES, AND PLATINOCHLOROSULPHITES ; CARBONYL COMPOUNDS, 
AND PLATINOPHOSPHITES ; OXIDES, SULPHIDES, SELENIDES, AND 

TELLURIDES OF COPPER, SILVER, MERCURY, AND GOLD. OXYHA- 

LTDES. — CONCLUDING REMARJtS ON OXIDES AND SULPHIDES. 

No tellurides of metals of the palladium or platinum groups are 
known. The following is a list of the compounds which have been 
prepared : — 

Note. — The following method may be advantageously employed in separating 
the metals of the palladium and platinum groups from each other ; — The ore is 
treated with aqua regia under pressure. The solution contains platinum, 
palladium, rhodium, ruthenium; the residue, osmium, iridium, and some 
rhodium and ruthenium. The solution is boiled with caustic soda, and mixed 
with a solution of potassium chloride and alcohol ; the sparingly soluble platini- 
chloride of potassium separates out. On ignition, it is converted into metallic 
platinum. A sheet of zinc is placed in the solution from which the platinum 
has been removed ; the remaining metals are precipitated. 

The insoluble residue is heated in a platinum retort in a current of oxygen, 
when osmium tetroxide volatilises. The residue in the retort, and the metals 
precipitated with zinc are melted with four times their weight of zinc under a 
layer of zinc chloride. The alloy is heated with hydrochloric acid until pal- 
ladium begins to dissolve with a brown colour. The black residue is boiled with 
aqua regia ; a residue of a portion of the rhodium and ruthenium still remains. 
From the solution, palladium di-iodide is precipitated with potassium iodide. 
The solution is treated with a current of hydrogen, which precipitates all the 
remaining metals except iridium. The precipitate is mixed with the rhodium 
and ruthenium, and heated with barium chloride in a current of chlorine to 
volatilise any remaining osmium as dichloride. The residue, consisting of 
barium rhodioohloride, is dissolved in water, and the barium removed with 
sulphuric acid. The rhodium is then thrown down with sodium hydrogen 
sulphite, which precipitates the insoluble compound dNa2O.Bh3Os.6SOs. The 
ruthenium, again precipitated from the filtrate with zinc, is boiled with potas- 
sium hydroxide and chromate, treated with excess of potash, and boiled with 
sodium sulphate. The precipitate contains only ruthenium. — See also Iron^ 
1879 , 13 , 654 . 
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Oxygon. 

iRfhodium iRiliO ; RI12O3 j RI1O2 > RI1O3 j 

Ruthenium — BuO; BuOs; BUO3J* BUO4 

Palladium PdgO j PdO — PdOj — — 

Sulphur. Selenium. 

Rhodium — BliS ; RI12S3 — — 

Ruthenium — — RU2S3; RUS2. — 

Palladium PdjS; PdS ; — PdSg. PdSe. 

None of these compounds occurs native. 

Preparation. — 1 . By direct union. — Finely-divided 


rhodium, prepared by heating the double chloride RhCl3.3NH4Cl 
to redness, when heated to dull redness in oxygen, yields the mon- 
oxide, RhO ; powdered ruthenium is oxidised to RU 2 O 3 ; pal- 
ladium yields dark-grey Pd 20 . Ruthenium tetroxide, RUO 4 , is 
formed by direct union at about 1000®, but decomposes on cooling. 
This is a * most curious result, for the tetroxide is decomposed 
violently when heated to 108®, and it is only by rapid cooling, by 
means of an inside tube through which cold water circulates, 
which passes through the centre of the outside tube, heated to 
bright redness, that it is possible to isolate some of the tetroxide 
without decomposition. If allowed to cool slowly, the body dis- 
sociates again into ruthenium and oxygen. f 

Rhodium and palladium monosulphides, and palladium mono- 
selenide are formed with incandescence when the metals are heated 
with sulphur or selenium. 

2. By decomposing a higher compound by heat. — 

Rhodium sesquioxide, when heated, yields the monoxide ; and, 
similarly, the sesquisulphide yields the monosnlphide. 

3. By the action of heat on a double compound. — 
Rhodium nitrate, when heated to dull redness, leaves a residue of 
Rh 203 ; ruthenic sulphate, Ru(S 04 ) 2 , yields the dioxide RuOz on 
ignition ; and palladous nitrate, Pd(N 03 ) 2 , moderately heated, 
yields the monoxide, PdO. The hydrates, when they exist, yield 
the oxides when heated. 

4. By replacement. — Sulphur displaces chlorine when 
heated with the compound RhCl3.3NH4Cl ; and oxygen, when a 
mixture of the sesquioxide and sulphur are heated in a current 
of carbon dioxide. In each case the monosnlphide, RhS, is formed. 

* Known only in combination. 

t Debray and Joly, Comptes rend., 108, 100, and 328. See also ibid.^ 84, 
946. 
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Conversely, tlie sulphides, roasted in air, are converted into the 
more stable of the oxides. 

5. By double decomposition. — Ruthenium dichloride, RuCl*, 
calcined with sodium carbonate in an atmospliere of carbon di- 
oxide, yields the monoxide; the excess of sodium carbonate is 
removed by washing with water. Palladium monoxide, PdO, is 
similarly prepared. On boiling a solution of palladium tetra- 
chloride with a solution of sodium carbonate, the anhydrous 
dioxide is precipitated. 

Rhodium sesquisulphide is produced by heating the trichloride, 
RhCla, in a current of hydrogen sulphide to 360° ; ruthenium 
sesquisulphide and disulphide are produced by passing hydrogen 
sulphide through solutions of the respective chlorides. Palladium 
monosulphide, PdS, is formed by the action of hydrogen sulphide 
on the dichloride, and the disulphide by the action of hydrochloric 
acid on sodium sulphopalladate. NajPdSs. 

6. By oxidation of the metal or of a lower oxide by nascent 
oxygen. This process yields the higher oxides. When rhodium 
or an oxide is fused with a mixture of potassium hydroxide and 
nitrate, the dioxide, RhO^, is formed, and may be separated from 
the excess of soluble salts by boiling with dilute nitric acid. 
Chlorine acts on rhodium sesquioxide in presence of caustic 
potash (forming hypochlorite of potassium) giving a green preci- 
pitate of the hydrated dioxide, and a violet-blue solution, from 
which a green powder deposits on standing. On warming with 
nitric acid, this powder leaves the anhydrous trioxide, RhOs. 
Similarly, when ruthenium is heated with nitre and potassium 
hydroxide, a soluble yellow mass is obtained, believed to contain 
the trioxide in combination with potassium oxide. On saturating 
its hot solution in aqueous caustic potash with chlorine, a sublimate 
is formed of RUO 4 . 

Palladium hemisulphide, PdaS, is formed by a method which 
cannot easily be classified. A mixture of the monosulphide, PdS, 
sodium carbonate, ammonium chloride, and sulphur is heated to 
redness for twenty minutes. On digesting with water, sodium 
sulphopalladite, NaPdSa (see below), goes into solution, while 
the hemisulphide remains as a fused mass. 

Properties. — The monoxides are dark-grey, insoluble powders, 
with semi-metallic lustre. Those of ruthenium and rhodium are not 
attacked by acids ; palladium monoxide dissolves. Monoxides of 
rhodium and palladium are reduced to metal by hydrogen at a 
dull-red heat; that of ruthenium at the ordinary temperature. 
The monosulphides of rhodium and palladium are bluish-white 
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substances with metallic lustre. The latter melts at about 1000°. 
Palladium selenide resembles the sulphide, but has not been 
fused. 

Rhodium sesquioxide is a grey porous mass, with metallic 
iridescence ; and that of ruthenium, a dark blue, insoluble powder. 
Rhodium sesquisulphide forms brownish-black crystalline plates ; 
the ruthenium compound is a brown powder. 

Rhodium dioxide is a dark-brown insoluble powder ; ruthenium 
dioxide prepared by roasting the disulphide in a blackish- blue 
powder ; prepared by heating the sulphate, it is a greyish metallic- 
looking substance, showing a blue iridescence. When heated in 
oxygen to the melting-point of copper, it crystallises in quadratic 
prisms, isomorphous with cassiterite, Sn02, and with rutile, Ti02. 
Anhydrous palladium dioxide is a black powder, soluble in acids, 
even in strong hydrochloric acid ; but, curiously, with dilute 
hydrochloric acid, chlorine is evolved. 

Ruthenium disulphide is a brownish- yellow precipitate ; and 
palladium disulphide a blackish-brown crystalline powder. 

Rhodium trioxide is a blue flocculent precipitate. 

Ruthenium tetroxide forms volatile golden-yellow rhomboidal 
prisms, melting at 25*5° when pure, and decomposing rapidly at 
106°. It is sparingly soluble in water. Its vapour density cor- 
responds with the formula BuO^, Its aqueous solution is said to 
yield an oxysulphide with hydrogen sulphide. 

Compounds with water and oxides, and with hydrogen 
sulphide and sulphides. — The following have been prepared : — 

PdO.^SCjO. — and 5132^ J nu208.3H20 ; mi2S3.3£[2^ 5 !Rli2S3.3Nra2®- — 

BI 1 O 2 . 2 H 2 O ; Ru 02.2H20; PdOa-wHaO.— PdS2.Na2S ; PdS2.2K2S ; 

PdS2.A»2S;PdS2.Pd2S.K2S;rPdS2.2PdS; PdS2.PdS.A?2S ; RuOg.NagOj 

BUO3.K2O ; BuOs.HerO j BuOg.OaO ; BuOs.SrO; BuOs.BaO; Bu03.Agr20. 

Complex oxides. — BU2O5.2H2O; Bii20g.K20 ; and BU4O9.2H2O. — 
Bii20|^. B2O . 

PdO .nJHiO . — A dark-brown precipitate, produced by addition of 
solution of sodium carbonate to solution of palladous chloride, 
PdCl 2 .Aq. It reacts with acids, forming palladous salts. 

RhsOs.SHzO. — A gelatinous precipitate, produced by adding 
an alcoholic solution of potash to a solution of the double chloride 
RhCia.SNaCl. It is nearly insoluble in acids, though a red solu- 
tion is formed when it is digested with hydrochloric acid. By use 
of aqueous solution of potash, the pentahydrate is thrown down as 
a somewhat soluble yellow precipitate. 

Bh2S3.3H2S and Rh3S3.3Na2S are produced by addition of 
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hydrogen or sodium sulphide respectively to a solution of the 
trichloride, RhCla-Aq. The first is a brownish-black insoluble 
precipitate; the second a dark-brown crystalline body. The 
former compound is noticeable as being one of the very few hydro- 
sulphides known. 

RU2O3.3H2O is a dark precipitate produced by sodium carb- 
onate in a solution of ruthenium trichloride. It is soluble in acids, 
forming ruthenic salts. 

Rh 02 . 2 H 20 is a green precipitate formed by the action of 
chlorine on a solution of the hydrate, Rh203.5H20. It is somewhat 
soluble in water, with a violet-blue colour ; and with hydrochloric 
acid it evolves chlorine, dissolving to RhCb. 

RUO2.2H2O is a yellow precipitate produced by treating a 
solution of potassium ruthenichloride, RuCl4.2KCl.Aq, with 
sodium carbonate. It dissolves in acids with a yellow colour, 
forming ruthenic salts ; and in alkalies with a light-yellow colour. 

Pd02.r?H20 is similarly prepared, but it appears to be impos- 
sible to obtain it free from admixed alkali. 

Sulphopalladites. — By fusing together palladium monosul- 
phide, sodium carbonate, ammonium chloride, and sulphur, a 
whitish-grey metallic-looking button of Pd2S, is formed. The fused 
mass of salts covering this button, when washed with alcohol, gives 
a residue of sodium sulphate, and the compound Na2PdS3, forming 
reddish-grey metallic-looking needles. With silver nitrate, a 
blackish-brown precipitate of Ag^PdSa is formed. If potassium 
carbonate be employed in the above fusion, the residue on treat- 
ment with alcohol contains the sub-palladous salt K2PdS3.Pd2S, 
which forms blue metallic-looking hexagonal lamines. It is in- 
soluble ; when heated in hydrogen, palladium is produced, along 
with the soluble salt K4PdS4, thus : — 2K2Pd3S4 -f 4^2 = -f 

5 Pd + PdS 2 . 2 K 2 S The salt K2PdS3.Pd2S when treated with 
hydrochloric acid yields the hydrogen salt H2PdS3.Pd2S, which, 
on oxidation in air, yields the compound Pd3S4, thus : — 
H2PdS3.Pd2S -j- 0 = H2O H- Pd3S4. When heated in air, Pd3S4 
is converted into PdS. The silver compound, Ag2PdS3.Pd2S, 
forms whitish-grey plates. 

Ruthenates and perruthenates. — Ruthenium tetroxide fused 
under water and added to strong potash solution at 60 ° evolves 
oxygen, and on cooling deposits blackish-brown quadratic octa* 
hedra of potassium perruthenate, KRUO4. The mother liquor 
from this salt on evaporation gives crystals of potassium ruthenate, 
K2RUO4.H2O, crystallising in rhombic prisms, and soluble in a 
little water, with a yellow colour. On diluting its solution it 
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decomposes, thus : — 4KaIlu04.Aq -4- 5H2O = 2KRu04.Aq + 
RU2O5.2H2O + GKOH.Aq. Diruthenium pentoxide, Ru^Og/^H^O, 
is a crystalline body ; the substance KRuO^, which may be named 
liyporuthenite of potassium, is its compound with potassium oxide, 
RU2O5.K2O. This oxide, RU2O5, heated in a vacuum to 260°, loses 
oxygen, depositing black scales of RU4O9 ; the same substance 
is produced when a solution of the tetroxide is heated with water 
to 100^ 

Prom potassium ruthenate the following bodies have been 
prepared : — Na2Ru04.2H20, MgRu04, and CaRu04, black pre- 
cipitates ; BaRu04, a vermilion precipitate ; and Ag.Ru04, a 
dense black precipitate. 

The formulae of potassium hyporuthenite, KRuO^, is analogous 
to that of potassium chlorate ; and those of potassium ruthenate, 
K2 Ru 04, and of potassium perruthenate, KRUO4, to potassium 
raanganate and permanganate respectively ; but the crystalline 
forms are not the same. We have at present no certain know- 
ledge regarding the constitution of these bodies. 


Oxides, Sulphides, and Selenides of Osmium, 
Iridium, and Platinum. 


List : — 


Oxygen. 

Osmium OsO ; OS2O3 ; OsOg j OsOa ;* O8O4. 

Iridium IrO ; IrsOs ; Ir02 j • IrOa — 

Platinum PtO — PtOj — — 

Sulphur. 

Osmium OaS, &c. (?) — — O8S4. 

Iridium IrS; IrjSg; IrS2; IrSs. — 

Platinum PtS — PtS2 — — 


The oxide pt,o, has also been prepared. The selenides and 
tellu rides require investigation ; they have not been analysed. 

Non© of these compounds occurs in nature. 

Preparation.—!. By direct union.— Osmium tetroxide is 
formed when finely-divided osmium is heated to bright redness 
in oxygen or in air. Platinum • monosulphide is also directly 
formed. 

2. By decomposing a higher compound by heat.— Platinum 
dioxide, gently heated, is converted into the oxide PUOi; and 
platinum disulphide yields the monosulphide at a low red heat. 
Iridium monosulphide is also produced when higher sulphides are 


* Known only in combination. 
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heated. As a rule, however, the oxides or sulphides, when heated, 
give off oxygen or sulphur, leaving the metals. The compound 
OsOa appears to be incapable of separate existence. When liberated 
frgm its compound with potassium oxide, K^OsOi, by dilute nitric 
acid, it decomposes into dioxide and tetroxide, thus : — 2OSO3 = 
OSO 4 -h OsO.. 

3. By the action of heat on a double compound. — Osmium 
dioxide, iridium dioxide, and platinum mono- and di-oxides are 
produced by gently heating the hydrates. Osmium monoxide 
is formed when the sulphite, OsSOa (see p. 43 ‘J), is heated in 
hydrogen. 

4 . By double decomposition. — This method serves for the 
p]*eparation of most of these compounds. Osmium sesquioxide, 
OSjOa, is produced from potassium osmochloride, OsClj.SKCl ; 
the dioxide, OsO.., from potassium osmichloride, OsCl|. 2 KCl ; 
iridium monoxide, IrO, from the compound IrS^Os.OKCl ; and 
iridium sesquioxide from potassium iridochloride, IrCl,.3KCl ; 
by gently heating these salts with potassium carbonate, in a 
current of carbon dioxide. In aqueous solution, with caustic potash, 
the hydrates are generally formed, which, on heating, leave the 
oxides. 

The sulphides of osmium arc said to bo produced from solutions 
of the corresponding compounds by the action of hydrogen sul- 
phide, and those of iridium and platinum hiv’e been similarly 
obtained. As a rule, sulphides of the alkalies may also bo used as 
precipitants, but the resulting sulphides are soluble in excess. 
Iridium disulphide, IrS>, has been prepared by igniting ammonium 
iridichloride, IrCl4.2NH4Cl, with sulphur. 

5. By oxidation of the metal by means of nascent oxygen. 
— Finely-divided osmium distilled with nitrohydrochloric acid is 
oxidised to the tetroxide, which volatilises. Iridium fused with 
potassium and barium nitrate is oxidised to the trioxide IrOj, 
which to some extent remains combined with the potassium or 
barium. Compounds of platinum dioxide (platinates) are 
similarly formed. 

Properties. — Osmium monoxide, sesquioxide, and dioxide, 
iridium monoxide and sesquioxide, and platinum monoxide and 
dioxides are black amorphous powders, insoluble in water and in 
acids. Osmium dioxide, prepared by heating the hydrate, forms 
copper-red lumps. Iridium trioxide is black and crystalline. 
Osmium trioxide is said to be formed as a waxy substance, in 
combination with the tetroxide when the latter is distilled from 
strong sulphuric acid. Osmium tetroxide forms large crystals ; it 

2 I 
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decoTpj volatile ; it melts below 100®, and volatilises at a somewhat 
RxijCTer temperature. It has an exceedingly pungent, disagreeable 
is uell, strongly irritating the eyes, and is very poisonous when its 
I vapour is inhaled. An antidote is said to be hydrogen sulphide 
well diluted with water. It is soluble in water, and also in alcohol 
and in ether: the solution in the latter two menstrua deposit 
metallic osmium on standing. It also dissolves in alkalies to red 
or yellow solutions ; these, when heated, part with it to some 
extent, and to some extent lose oxygen, retaining an osmite in 
solution. It is best obtained pure by saturating the first third of 
the distillate obtained from osmiridium (a native alloy of iridium 
and osmium) and nitrohydrochloric acid with caustic potash, and 
again distilling. Part of the tetroxide volatilises over in crystals, 
and a portion dissolves in the distillate. It is made use of as a 
means of hardening animal preparations for the microscope. 

The sulphides of osmium are black insoluble substances. The 
one best known is OSS 4 , which is a black precipitate obtained 
in saturating a solution of the tetroxide in hydrochloric acid with 
hydrogen sulphide. 

Iridium monosulphide is a blackish-blue insoluble substance ; 
the sesquisulphido, brownish-black, and sparingly soluble ; the di- 
sulphide a yellow-brown powder, and the trisulphide has a dark 
yellow-brown colour ; it is diflBcult to precipitate. All the sul- 
phides of iridium dissolve in solutions of alkaline sulphide, no 
doubt forming compounds ; none of which, however, have been 
investigated. 

Platinum mono- and disulphides are also black and insoluble. 
The disulphide is soluble in alkaline sulphides, forming double 
compounds, regarding which there are no data. Platinum selen- 
ide, directly prepared, is a grey infusible mass. Its formula is 
unknown. 

Double compounds. — 1. With water: hydrates. 

Hydrated osmium monoxide, 0s0.»»H20 ; sesquioxide, Os^O^.^HsO ; di- 
oxide, OSO2.2H2O ; iridium sesquioxide, 1x203 2H2O, and 5H2O ; dioxide, 
Ir02.2H20 ; platinum monoxide, PtO.HjO j and dioxide, Pt02.wH20. 

These are all prepared by acting on solutions of corresponding 
compounds with sodium or potassium hydroxide. Thus: — 
OsO.t^HjO, from OsSOs and KOH in a closed vessel; 
0 S 203 .nH 20 , from OsCh.SKCl; OSO 2 . 2 H 2 O, from OsCl 4 . 2 NaCl ; 
Ir 203 . 2 H 20 from IrCb, with KOH and alcohol ; Ir 203 . 5 H 20 , from 
IrCla-SKCl and a little potash ; Ir 02 . 2 H 20 , from IrCl 4 . 2 KCl with 
boiling potash ; or from IrCla.SKCl and potash, with subsequent 
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exposure to oxygen ; PtO.H^O, from PtCl2 and warm KOH ; 
some remains dissolved, but is precipitated on addition of dilute 
sulphuric acid; and PtOa.wHgO, by the action of potassium 
hydroxide, or finely divided calcium carbonate, or a solution of 
platinic nitrate or sulphate, Pt(N'03)4, or Pt(S04)2. 

Hydrated osmium monoxide is a blue-black powder, soluble 
with a blue colour in hydrochloric acid; it rapidly oxidises on 
exposure to air. The hydrated sesquioxide is a brown-red pre- 
cipitate, soluble in acids ; the hydrated dioxide is a gummy-black 
precipitate, insoluble in acids. 

Hydrated iridium sesquioxide, Ir20j.2H20, is a black pre- 
cipitate; the compound IraOa.bHaO is yellow, and easily oxidised. 
It dissolves in excess of potassium hydroxide. The hydrated 
dioxide, Ir02.2H20 is an indigo-coloured precipitate soluble in 
acids with a dark-brown colour. 

Hydrated platinum monoxide is a black powder, soluble in 
acids, forming unstable salts ; the hydrated dioxide, Pt0a.wH20, 
is also a black powder, soluble in acids, forming platinic salts. 

2 . Compounds with other oxides: — Of these only the 
osmites, and platinates have been investigated. 

Potassium osmite, K2OSO4.2H2O, is prepared by dissolving the 
tetroxide in potassium hydroxide, and adding alcohol, which re- 
duces the tetroxide to trioxide in presence of the potash. Thus 
prepared, it is a brick-red powder. If the reduction be effected 
more slowly by potassium nitrite, KNO2, the osmite crystallises in 
octahedra. The sodium salt is more soluble. No other salts have 
been investigated. These salts are composed of the oxide OsO^, 
unknown in the free state. Although osmium tetroxide dissolves 
in alkalies, yet the solution, when distilled, yields free tetroxide 
again ; hence the combination, if there is one, must be very unstable. 

Hydrated iridium sesquioxide, Ir203.5H20, dissolves in alkalies, 
possibly forming compounds ; but none have been isolated. The 
trioxide, prepared by fusing finely divided iridium with potassium 
nitrate, is mixed or combined with a variable amount of potassium 
oxide, from which it cannot be freed by washing. 

Platinites, compounds of platinum monoxide with oxides of 
the alkaline metals, appear to be formed when platinum is heated 
with caustic alkalies. They are uninvestigated. Platinates are 
produced by the action of excess of alkali on a solution of 
platinum tetrachloride. The following have been analysed: — 
3PtO2.Na2O.6H2O ; a teddish-yellow crystalline precipitate 
formed by exposing a solution containing platinum tetrachloride 
and sodium carbonate to sunlight ; 3Pt02.K20, produced by heat- 

2 I 2 
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ing potassium platinichloride with caustic potash to dull redness, 
and exhausting with water ; it is a rust-coloured substance ; and 
SPtO.BaO, formed by exposing a mixture of platinum tetrachloride 
and barium hydroxide to sunshine. These compounds all require 
investigation. The sulphides of osmium, iridium, and platinum 
dissolve in solutions of sulphides of the alkalies, no doubt forming 
compounds, none of which, however, have been investigated. 

Oxysulphides. — Osmium tetrasulphide on oxidation yields a 
body of the formula, OS 3 S 7 O 5 . 2 H 3 O ; and on further oxidation, 
OSSO3.3H2O. The latter is not a sulphite, but hydrated osmium 
tetroxide, in which one atom of oxygen has been replaced by 
sulphur; it differs from osmous sulphite, OSSO3, produced by 
dissolving the tetroxide in sulphurous acid. A somewhat similar 
body is said to be formed when platinum disulphide is boiled with 
nitric acid. 

Double compounds of platinum. — ^Platinonitrites. — Solu- 
tions of potassium nitrite and potassium platinichloride mixed, 
deposit crystals of potassium platinonitrite, the empirical formula 
of which is KoPt(NO 04 . This compound contains dyad platinum, 
for on treatment with chlorine, two atoms add themselves on, con- 
verting the compound into one containing tetrad platinum. The 
potassium salt gives with silver nitrate a precipitate of silver pla- 
tinonitrite, Ag,Pt(NO,)4, from which the barium salt, BaPt(N 02 ) 4 , 
is produced by the action of barium chloride. From the barium 
salt many others have been produced by the action of solutions of 
sulphates of the metals. The platinonitrites are uniformly soluble, 
and crystallise well. The following have been prepared : — 

Li2pt(N02)4.3H20 ; Na2Pt(N02)4 ; K2Pt(N02)4.2H20 ; Rb2Pt(N02)4.2H20 j 
CS2Pt(N02)4 ; (NH 4 ) 2 Pt(N 02 ) 4 . 2 H 20 . 

MffPt(N02)4.5H20j ZnPt(N 02 ) 4 . 8 H 20 ; CdPt(N02)4.3H20. 
CaPt{N02)4.5H20; SrPt(N02)4.3H20 ; BaPt(N03)4.3H20. 
T2{Pt(N02)4}3-9H20; Al2{Pt(N02)4}3-14H20; Tl2Pt(N02)4. 
M:nPt{N02)4*8H20 ; CoPt(N02)4.8H20 j NiPt(N02)4.8H20. 
0e3{Pt(N02)4}8.18H20 j PbPt(N02)4.3H20. 

0 uPt(N 02 ) 4 . 3 H 20 ; and Hg: 2 Pt{N 03 ) 4 .Hfir 20 .H 20 . 

Salts of erbium, lanthanum, and didymium are also said to hare been pre- 
pared. 

These salts, treated with an alcoholic solution of iodine, form 
iodoplatininitrites, containing two atoms of iodine in excess of 
the above formulae, e.g,, K,(PtI,).(l»0,)4. The hydrogen, lead, and 
silver salts are insoluble, and are thrown down from the potas- 
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sium salt by adding nitrate of hydrogen, lead, or silver to its solu- 
tion. These salts are, as a rule, amber coloured, and crystallise 
well. The platinum is not thrown down by hydrogen sulphide, 
noi* is the iodine removed by silver nitrate, but on addition of a 
mercuric salt, mercuric iodide separates. 

Attempts to prepare platinonitrites of beryllium, iron, or in- 
dium, by addition of the sulphates of these metals to the barium 
salt result in the formation of diplatinonitrites, or more correctly 
diplatinoxynitrites, the products of decomposition of nitrogen 
trioxide being evolved, thus : — 

2BePt(N02)4.Aq = Be(Pt20)(N02)4.Aq + Be(NOa)2.Aq -f- NO 

+ NO,. 

The beryllium, aluminium, indium, chromic, ferric, and silver 
salts have been prepared. 

A third compound, still more condensed, named triplatino- 
nitrous acid, is produced when a solution of platiiionitrous acid 
is allowed to evaporate spontaneously, thus : — 

3H,Pt(NO04.Aq = H 4 (Pt 30 )(N 02 ) 8 .Aq + 2N0 + 2N0, -h H^O. 

The potassium salt has been prepared ; it is a yellow, well-crystal- 
lised substance which may be heated to 130"^ without change. 

It is suggested that these compounds have formuloe such as 

.p.^0— NO-=NO-OK Iv. NO=NO— OK 

NO=NO— OK ’ I'^^^'^0-N0=N0— OK » 

^Pt— O— NO =NO— OK 
^\pt_0— NO==NO— OK • 

It is possible that these bodies may be in some measure ana- 
logues of the nitrosulphides, described on p. 343 ; but too little 
is still known of these compounds. 

Platinimolybdates and platinitungstates, analogous to the 
silicitungstates, have already been briefly described on p. 404. 

Chloroplatinosulphites, of the general formula ClPtSOaM, are 
produced by the action of sulphurous acid on ammonium platini- 
chloride. These compounds have been already described on p. 439. 

Carbonyl, the group CO, also enters into combination with 
platinum and halogens, to form platinicarbonyl compounds. 
They are produced by direct union of platinum dichloride with car- 
bon monoxide. Three compounds are thus formed, 

yOO— PtOla 

Cl 2 =Pt==CO ; Ol 2 =Pt=(CO) 3 ; and 01a=Pt< | 

\ 00— 00 
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On heating the mixture to 150®, the second and third give ofE 
carbon monoxide ; and on raising the temperature to 240® in a 
stream of carbon dioxide, platinicarbonyl chloride, CI 2 = Pt = CO, 
sublimes in golden-yellow needles, melting at 195®. It also crys- 
tallises from carbon tetrachloride, CCI 4 . The original crude pro- 
duct heated to 150° in a current of carbon monoxide yields a sub- 
limate of platinidicarbonyl chloride, Cl 2 Pt(CO) 2 : it forms white 
needles melting at 142°. The third compound, diplatinitricar- 
bonyl tetrachloride is extracted from the crude product by boiling 
carbon tetrachloride, from which it crystallises in slender yellow 
needles, melting at 130°. The two latter compounds sublime 
if heated in a current of carbon monoxide, whereas they decompose 
if heated alone. 

Platinous chloride also forms double compounds with phos- 
phorous acid. The combination does not take place directly, but 
by the action of water on monophosphoplatinic chloride (see p. 
174), thus Cl 2 Pt=PCl 3 + 3 JT 2 O = 3HC1 + Cl 2 =Pt=:P(OH) 3 . 

Dichloroplatini-phosphonic acid forms deliquescent orange- 
red prisms. The silver and lead salts have been prepared ; the 
acid is decomposed by alkalies. 

Diphosphoplatinic chloride, produced by dissolving monophos- 
phoplatinio chloride in phosphorus trichloride, forms yellow 
crystals. It yields with water cooled with ice, dichloro* 
platinidiphosphonio acid, thus : — 

P(0H)3 

Cl 2 Pt=P 2 Cl 6 + 6 H 2 O = 6HCI H- Cl 2 Pt< I 

P(0H)3 

which consists of yellow, very deliquescent needles. If the tem- 

O 

/ \ 

perature rises to 10® or 12°, the body ClPt=P 2 (OH )6 is formed; 
it is a colourless crystalline acid, which at 150° loses water, leaving 

O 

/\ 

01 Pt=rP 20 ( 0 H) 3 , a light yellow powder. 

Platinum alloys easily with tin, forming a compound of the 
formula Pt 2 Sn 3 . This substance bums when heated in air, forming 
an oxide, Pt 2 Sn 303 . It also forms a black compound when treated 
with hydrochloric acid, which appears to be the corresponding 
chloride. This body with dilute ammonia yields a hydroxide, 
Pt 3 Sn 302 (OH) 3 ,asa brownish-black insoluble body. When it is 
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gently beated in a current of dry oxygen, the oxide Pt2Sll304 is 
formed.* 


Oxides, Sulphides, Seleuides, and Tellurides of 
Copper, Silver, Gold, and Mercury. 


List — Oxygen. Sulphur. 

Copper. . . . CugO ; CuO ; CU2O3 ;t Ca02. CU2S ; OuS ; OuS2t. 

Silver .... A8'20;Ag‘0; — ; — ; A8r2S ; — J . 

G-old AugO; AuO(?); Au 203§ ; — AuoS; — ; AU2S3. 

Mercury . . Hg'20 ; Hg:0 ; — ; — — ; HgrS ; — 


List : — Selenium. Tellurium. 

Copper Cu 2 Se ; CuSe. ? 

Silver Ag-^jSe; AgrSe. A.e 2 Te. 

Gold — — Au 2 Te. 

Mercury — HgrSe. — 


C114O is also said to have been prepared, and there is also some 
doubtful evidence of the existence of a similar suboxide of silver, 
AgiO.J 

Sources. — Many of these bodies occur native. Cuprous oxide, 
Cu,0, occurs as red copper ore in regular octahedra, and as copper 
hloom in trimetric needles. CuaS is known as cupper glance ; it 
forms trimetric hexagonal prisms ; it is also a constituent of copper 
pyrites and of purple copper ore (see p. 257 ). Silver sulphide, 
AfcS, occurs as silver glance^ or argyrose^ in dark grey masses with 
dull metallic lustre. Argentiferous copper glance^ or stromeyeritCy 
has the formula Cu2S.Ag2S. Cuprous selenide, Cu2Se, forms the 
rare mineral, herzelianite, occurring in silver white crusts. Hessite, 
or telluric silver, KgfUe, and the double telluride, AU2Te.4Ag2Te, 
also occur native. 

Cupric oxide, CuO, forms the important hlaclc copper ore, or 
melaconite; it crystallises in cubes. The sulphide, CuS, is known 
as indigo copper or corellin, crystallising in hexagonal plates. 
Mercuric sulphide, HgS, when found native is named cinnabar ; it 
has a dull red colour ; it is the chief ore of mercury ; it usually 
occurs in heavy earthy lumps, but is occasionally found crystal- 
lised in acute hexagonal rhombohedra. The crystals are sometimes 
bright red and transparent. Mercuric selenide, HgSe, also occurs 
native. 

* Comptes rend., 08, 985. f Known only in combination. 

J As regards the existence of Ag 40 , see Chem. Soc., 61, 416; Berichte, 20, 
1458 ; 2554. 

§ Berichte, 19, 2541. 
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One oxyhalide also occurs in nature. Atacamite is a native 
oxychloride of copper, 3 CuO.CuCl 2 . 5 H 2 O ; it crystallises in green 
rhombic crystals. 

Preparation.— 1. By direct union. — Copper heated in air 
becomes covered with scales ; these consist on the exterior of black 
cupric oxide, CuO, and on the interior of red cuprous oxide, CU2O. 
Silver docs not combine with oxygen at the ordinary pressure, but 
under nn increased pressure of 15 atmospheres, a portion of the 
silver oxidises at SOO"*, forming argentous oxide, Ag 20 ; mercury 
slowly oxidises when kept boiling in an atmosphere of oxygen or air 
for several weeks. This fact was discovered by Boyle, and it will be 
remembered that by means of the oxidation of mercury Lavoisier 
made his all-important discovery of the nature of oxygen (see p. 11). 
The red powder which slowly gathers on the surface of the boiling 
mercury used to be termed mercurius prcecipitatus per 

Silver (argentic) oxide, AgO, is produced by the direct oxida- 
tion of silver by means of ozone, or by nascent oxygen, when a solu- 
tion of silver nitrate is electrolysed with silver poles. Gold does 
not directly unite with oxygen. 

The sulphides may all be prepared by direct union. Cuprous 
sulphide, Cu^S, is formed when finely divided copper and sulphur 
are rubbed together in a mortar. The mass grows red hot, great 
heat being evolved during the union. Bed hot copper burns in 
sulphur-gas, yielding the same compound. Silver and sulphur 
also unite directly to form argentous sulphide, Ag 2 S. Gold and 
sulphur do not unite when heated together, because the sulphides 
easily decompose by heat ; but on heating a mixture of geld and 
silver with sulphur, dark grey crystals of the formula 2Au^S3.5Ag2S 
are produced. Mercuric sulphide, HgS, is formed as a black 
amorphous mass by rubbing together mercury (200 parts) and 
sulphur (32 parts). After sublimation it is brilliant red, and is 
known as vermilion, and used as a paint. 

Cuprous and cupric selenides, CUaSe and GuSe ; argentous and 
argentic selenides, Ag^Se and AgSe, and mercuric selenide, HgSe; 
also argentous and aurous tellurides, Ag 2 Te and AUaTe, and copper 
telluride, are formed by heating the elements together in the 
required proportions. 

2. By reducing a higher compound. — Cuprous oxide is 
produced by heating a mixture of cupric oxide, CuO, or better 
copper sulphate, CUSO4, with metallic copper to an intense 
red heat. The sulphate loses SO3, forming oxide, which is 
reduced by the metallic copper. Cuprous oxide is also produced 
by boiling cupric hydroxide with grape sugar and caustic soda, 
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better in ^presence of tartaric acid, which keeps the hydroxide in 
solution as double tartrate. The grape sugar is oxidised, while the 
copper oxide loses oxygon. Five molecules of grape sugar, CgHi 20(„ 
are capable of reducing one molecule of cupric oxide. This is the 
basis of Pehling^S process for estimating sugar. Copper dioxide, 
CuOa, and argentic oxide, Ago, are very unstable bodies, yielding 
cupric oxide, CuO, and argentous oxide, AgaO, on gentle heating. 

3 . By decomposing a double compound. — The hydroxides 
yield the oxides when gently heated. Silver oxide is formed from 
the carbonate, Ag^COs, at 200 ”. Cupric oxide is produced from 
cupric sulphate, CUSO 4 , at a white heat, and from cupric nitrate 
or carbonate at a red heat. Gold sesquioxide, Au^O.^, is pi*oduced 
by addition of an acid to an aurate, e.y., AU2O3.K2O, with sul- 
phuric acid. Compounds of gold trioxide with oxides are, as a 
rule, decomposed by water. The oxide dissolves in strong nitnc 
acid, doubtless forming auric nitrate, but on addition of water the 
oxide is again deposited. The same change takes place with 
argentic oxide. It dissolves in moderately strong nitric acid, but 
the nitrate decomposes on dilution, the oxide being precipitated. 
Mercuric oxide, HgO, like cupric oxide, is usually produced by 
heating the nitrate ; mercurous nitrate, HgNOa, also leaves mer- 
curic oxide wlien heated. 

Cuprous sulphide, CU 2 S, is formed when cupric sulphate is 
heated to whiteness in a crucible lined with carbon ; and aurous 
telluride remains on heating sulpliotellurato of gold, TeS^.Au^Sj. 

4. By double decomposition.— This process, as a rule, yields 
hydroxides, but as these bodies are unstable in this group of 
elements, the oxides arc formed. 

CU2O. — Heating together cuprous chloride, CU2CI2, and sodium 
carbonate, or boiling together cuprous chloride and solution of 
caustic soda. 

Ag,0. — Solution of silver nitrate, AgNOa, and hot barium 
hydroxide (used because commercial sodium or potassium hydr- 
oxide almost always contains chloride); boiling together silver 
chloride, AgCl, and strong caustic potash. 

AU 2 O. — Aurous chloride, AuCl, and cold potash solution. 

Hg20. — Mercurous chloride or nitrate, and cold caustic potash 
in the dark. 

CuO. — Cupric nitrate, or sulphate, and hot caustic soda or 
potash solution. In the cold the hydrate is precipitated. 

AuO. — Adding solution of hydrogen potassium carbonate to a 
solution of gold in aqua regia, gold being present in excess ; it pre- 
cipitates when the temperature is raised to 50 ^. 
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The sulphides are generally prepared by passing hydrogen 
sulphide through a solution of a suitable salt of the metal, thus : — 
CUgS from CUgCla suspended in water ; Ag^S from AgNOg-Aq* 
AUsS from KAu(CN)2Aq (seep. 572 ); Hg2S appears not to be 
formed from a mercurous salt and hydrogen sulphide ; the precipi- 
tate produced consists of mercuric sulphide, HgS, mixed with free 
mercury ; Cu2Se and AgsSe have been similarly formed with aid 
of H28e; CuS from CuS04.Aq, &c. ; AuS appears to be the for- 
mula of the precipitate produced in a cold dilute solution of auric 
chloride (?) ; HgS from HgCh.Aq, &c. With mercury, inter- 
mediate sulphochlorides are formed (see below). Cupric selenide, 
CuSe, has been similarly obtained. 

Properties. — Cuprous oxide, CUaO, is a bright red, or a 
yellow red, powder, according to the method of preparation; it 
can be fused at a very high temperature. Argentous oxide, Ag20, 
is a dense black powder, which decomposes above 200® into silver 
and oxygen. Aurous oxide, AU 2 O, is also a black powder, soluble 
in alkalies. On standing it changes to auric oxide, AU2O3, and 
metallic gold. Mercurous oxide is also black, and is even more 
easily decomposed into mercuric oxide, HgO, and mercury; the 
change is brought about by sunlight, or even by trituration in a 
mortar. 

Cuprous sulphide, Cu 2 S,is a black substance. When heated 
to redness in air, it burns to cupric oxide and sulphur dioxide. It 
undergoes a reaction when heated with cupric oxide, whereby 
metallic copper and sulphur dioxide are formed : — CU 2 S + 2CuO = 
4Cu -f 8O2. This reaction takes place during the preparation of 
metallic copper (compare the action of lead sulphate and oxide on 
the sulphide, p. 429). Argentous sulphide is a leaden grey 
body with dull metallic lustre ; when produced by precipitation it 
is black. When heated in air it is oxidised to sulphate, Ag2S04. 
Aurous sulphide is a dark brown precipitate, which loses its sul- 
phur when strongly ignited. 

Cuprous selenide, prepared by fusion, is a silver white sub- 
stance ; by precipitation it is a black powder. Argentous 
selenide is a black precipitate, grey when dry, and melting at a red 
heat to a silver- white button. Argentous telluride forms leaden 
grey granules, and aurous telluride is a grey brittle substance. 

Cupric oxide is black. It melts at a bright red heat and 
crystallises from fused potassium hydroxide in tetrahedra. Ar- 
gentic oxide, Ago, is a white substance ; it dissolves in cold 
nitric acid with a deep brown colour (forming argentic nitrate 
Ag(N03)2 ?) ; but on dilution it is precipitated unchanged. 



OF COPPER, SILVER, GOLD, AND MERCURY. 


491 


Auric monoxide, AuO, is a black substance, soluble in hydro- 
chloric acid, to a dark green solution; and mercuric oxide, 
produced in the dry way, is a brownish-red or red crystalline 
poj^der; when heated it becomes bright red, and then turns 
black and begins to decompose. 

Auric sesquioxide, Au^Os, prepared by decomposing an aurate 
with an acid, still retains alkali. To purify it, it is dissolved in 
strong nitric acid, and on dilution the oxide is precipitated pure. 
It is a brownish-black powder, soluble in nitric or sulphuric acids, 
but the nitrate and sulphate are decomposed by addition of water. 
It is very unstable, being decomposed by light. 

Copper dioxide, CUO2, produced by adding dilute hydrogen 
dioxide at 0° to cupric hydroxide, Cu(OH) 2 , is a yellowish-brown 
substance, very unstable, yielding oxygen and cupric oxide. 

Cupric sulphide, CuS, produced by precipitation, is black. 

Auric monosulphide, AuS, is yellow, and loses sulphur when 
gently heated, giving aurous sulphide. Mercuric sulphide is a 
velvety-black powder, when produced by direct union or by pre- 
cipitation. When sublimed, or when warmed in contact with an 
alkaline sulphide, or when heated with excess of sulphur and 
solution of potassium hydroxide to 45 — 50° for 10 hours, it acquires 
a brilliant red colour ; it is by one or other of these methods that 
vermilion is prepared. 

Cupric selenide, CuSe, is a black precipitate, acquiring 
metallic lustre when rubbed in a mortar ; it loses half its selenium 
by heat. Argentic selenide, AgSe, is a white lustrous substance, 
and mercuric selenide, HgSe, is also white, with metallic lustre. 

Auric sesquisulphide, AU2S3, is a black precipitate.* 

Copper disulphide is known only in combination. 

Double compounds. 1. With water. — Cuprous, mercurous, 
and gold oxides do not form hydrates : silver hydroxide, AgOH, 
produced by precipitation in the cold, is a grey flocculent sub- 
stance, losing water at 60°, and leaving the oxide. It is sparingly 
soluble in water. 

Cupric hydroxide, Cu(OH)2, is a pale blue precipitate, dry- 
ing to greenish-blue lumps. It has a metallic taste, hence it must 
be slightly soluble in water. It loses water below 100°, even in 
presence of water, leaving the black oxide. Hydrated auric 
dioxide is an olive-green precipitate, which cannot be dried 
without loss of water and conversion into the black oxide, AuO. 

Mercuric hydrate, Hg(OH)2, produced by precipitation, is a 
♦ See JBerichte, 20, 2369, and 2704. 
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yellow powder, which may be heated to 100° without decomposi- 
tion. At a higher temperature it loses water, leaving the yellow 
oxide. It has also a strong metallic taste, hence it must be 
somewhat soluble. ^ 

Hydrated auric sesquioxide, AU2O3.H2O, is a dark-brown 
powder, thrown down from a solution of auric chloride, AuCb-Aq, 
mixed with a solution of hydrogen potassium carbonate, on addition 
of sodium sulphate. If dilute potash be used for precipitation, fche 
trihydrate, AU2O3.3H2O = Au(OH)3, is produced. Both of these 
substances loses water with great readiness. 

2. With oxides. — These bodies are produced by direct union. 
They are as follows: — Hg0.K20. — Formed by heating mercuric 
oxide with fused potash. It consists of white crystals. 

CU203.nCa0. This substance forms rose coloured crystals, and 
is produced by the action of a solution of calcium hypochlorite 
(bleaching powder, Cl — Ca — OCl) on cupric nitrate. This sub- 
stance is so unstable that the ratio between sesquioxide of copper 
and oxide of calcium has not been ascertained ; but it appears to 
be proved that the copper and oxygen bear to one another the 
proportion indicated by the formula CU2O3. 

3 . Aurates. — These are analogous compounds of gold sesqui- 
oxide. Only one has been carefully investigated, viz. : — 
AU2O3.K2O.6H2O = KAUO2.3H2O. It crystallises on evaporation 
from a solution of auric hydrate in caustic potash. It forms yellow 
crystals, and its solution, mixed with solutions of the salts of other 
metals gives precipitates, no doubt of analogous composition. On 
mixing its solution with hydrogen potassium sulphite, yellow needles 
are formed, of the formula KAUO2.4HKSO3, which are nearly in- 
soluble in dilute alkali, but dissolve in water with decomposition.* 

4 . Double sulphides.— 4CU2S.K2S and AU2S.K2S, are soluble 
substances crystallising from solutions of the respective sulphides 
in a strong solution of potassium sulphide. 

(CuS 2)2(NH4)2S crystallises in soluble red needles from a solu- 
tion of cupric sulphide, CuS,in yellow polysulphide of ammonium. 
Mercuric sulphide, precipitated, also dissolves in a mixture of solu- 
tions of potassium monosulphide and hydroxide, giving crystals of 
HgS.K2S.5H2O, which are decomposed by water. The com- 
pound 5HgS.K2S, is also produced by mixture ; it crystallises in 
golden-yellow plates, with one molecule of water; in colourless 
crystals with 7H2O j and when anhydrous in black needles. 

* As regards the “ Purple of Cassius,** see J. prakf. Chem,, 121 , 30, 252. 
This substance, used as a test for gold, and produced by addition of stannous 
chloride to a compound of gold, owes its colour to finely divided metallic gold. 
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5 . With halides.— CuO.CuFo.H„ 0 , and HgO.HgP, are 

formed by heating solutions of the respective fluorides. The first 
is green and insoluble ; the second, an orange-yellow powder. 

^ 2 CuO.CuCl 2 . 4 HoO is produced by addition of a small amount 
of potash to CuCl2.Aq ; 2HgO.HgCl2 is a brick-red powder. 

3CuO.CuCl2.6H2O occurs native in green rhombic crystals as 
atacamite; prepared by the action of ammonium chloride on 
metallic copper in presence of air, it forms the pigment Brunswick 
green, with 4 or bHoO. SHgO.HgCL, produced by heating 
mercuric chloride with solution of hydrogen potassium carbonate, 
forms yellow crystals ; 4 HgO.HgCl 2 crystallises in brown crusts 
from the filtrate. 3CuO.Cu.Cl2 is a green hydrated substance 
produced by the action of water on the compound CUCI2.N2H4 
(see p. 545 ). The following oxyhalides of mercury are produced 
by mixture : — Hg0.2HgCl2, white and soluble ; 2 HgO HgBro, 
yellow soluble needles; SHgO.HgL, a yellow brown powder. 

Similar sulphohalides of mercury are known, viz. : — 
2HgS.HgCl2; HgS.HgBr2; 2HgS.Hgl2, all yellowish- white 
substances, produced by the action of a limited amount of 
hydrogen sulphide on the respective halide of mercury. From 
the nitrate and the sulphate, corresponding compounds, 
2HgS.Hg(N03)2 and 2HgS.HgS04 are produced. The com- 
pounds 3HgS.HgCl2 and 4HgS.HgCl2 have also been prepared. 
Lastly, by boiling mercuric sulphide with a solution of cupric 
chloride, a brilliant orange- coloured substance is formed, viz., 
HgS.CuCl, sulphur separating at the same time. 

Physical Properties. 

Mass of one cubic centimetre. 

CU 2 O, 6’13 grams ; CuO, 6*40 ; A8r20,'7'52 ; £[ 6 : 20 , 10*7 ; HgrO, 11'30. 

Pd 2 S, 7*30; PtS, 8-85; PtSg, 7-22.— CU 2 S, 5*79; CuS, 4-64; 7-36; 

HgrS, 8*10 (cinnabar). 

Heats of formation : — 

Pd + O + H 2 O = Pd(OH )2 + 227K.— Pd + 20 + 2 H 2 O = PdfOH)^ + 
304K. 

Pt + 0 + H 2 O = Pt(OH )2 + 179K. 

2Cu + 0 = CU 2 O + 408K.-— Cu + O = CuO + 372K.— 20u + S = 
CU 2 S + 183K. 

Cu + S = CuS + 81K.-~2Ag' + O = Ag^O + 59K.— 2Ag- + S = Ag-jS 
+ 33K. 

2Au + 30 + 3 H 2 O = 2Au(OH)3 - 132K.— 2Hg + O = HgaO + 422K. 

Ug + 0 ^ HgO + 302K.— Hg + S « HgS + 149K. 
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Concluding Remarks on the Oxides, Sulphides, &c. 

In concluding the description of oxides, sulphides, selenides, and 
tellurides it may be pointed out that the available data as regards 
compounds of selenium and tellurium are very scanty. A com- 
plete theory of chemistry can only be constructed by supplementing 
deficiencies in one set of compounds by examples from others ; and it 
would follow that in spite of their want of commercial importance, 
the selenides and tellurides greatly require exhaustive study. The 
existence of hydrosulphides, analogous to the hydroxides, for 
example, is possible. But few of these appear to be stable, at 
least at the ordinary temperature, although the precipitated 
sulphides usually contain a small amount of sulphur in excess of 
that required by their formulae, denoting the presence of a trace of 
undecomposed hydrosulphide. In this connection it may be noted 
that the sulphides of many elements, such as arsenic, copper, lead, 
silver, gold, &c., when produced in dilute neutral solution are 
soluble in water, and are precipitated only on addition of an acid 
or salt. Such solutions, however, do not contain appreciable 
, amounts of hydrossulphides ; and it is probable that they are either 
hydroxy-hydrosulphides, or colloidal and soluble varieties of 
sulphides. 

The physical properties of the oxides, sulphides, &c., still 
require investigation ; our knowledge in this respect greatly falls 
short of our acquaintance with the halides.* 

Classification, of the oxides. — It has been customary to 
divide the oxides into three classes : — basic oxides, acid- 
forming oxides, and peroxides, to which may perhaps be added 
a fourth class, snboxides. This classification is founded partly 
on the behaviour of these oxides towards water, towards each 
other, and when exposed to heat. It cannot be strictly maintained, 
and indeed it has tended to obscure the relations between different 
families of oxides. Yet as this nomenclature is still in vogue, it 
is advisable to insert a short sketch here of the nature of the 
division. 

A suboxide is one which shows no tendency towards the for- 
mation of double compounds ; and which, when treated with acids, is 
either indifferent to their action, or if attacked, decomposes into 
element, and a higher oxide, which combines with the distinctive 
oxide of the acid. Thus, suboxide of lead, or lead dross, of some- 

♦ For a list of double sulphides, see Pogg, Ann., 149, 381, and 158, 688. 
The indiyidual compounds have been described in their place. 
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what indefenite composition, when treated with acetic acid, for 
example, yields metallic lead, while lead acetate passes into 
solution. 

A basic oxide is one which, when treated with an acid, com- 
bines with the distinctive oxide of the acid, forming a salt^ with 
liberation of water. Thus calcium oxide aud nitric acid give 
calcium nitrate and water, and so with a multitude of instances. 
Such bodies are often soluble in water, and it is at present a 
disputed point whether they are resolved by water into their con- 
stituents, basic oxide and acid oxide. This, however, is certain, 
that in most cases, on evaporating the water, they remain, as a 
rule, in an anhydrous state. We have seen, however, that many 
so-called basic oxides are capable of entering into combination 
with each other ; and in such cases, it is a matter of opinion 
which to term the basic and which the acid oxide. An acid oxide, 
conversely, is defined as one which combines with a basic oxide, 
forming a salt. It is noticeable that, as a rule, such acid oxides 
contain more than one atom of oxygen. But, again, many 
examples of compounds of acid oxides with each other have been 
noticed, and, as with basic oxides, it is impossible to ascribe to 
each its peculiar function. 

A peroxide is defined as one which on treatment with certain 
acids (especially with strong sulphuric acid) gives off oxygen; or, 
which on treatment with an aqueous solution of a halogen acid 
evolves halogen. Such bodies, as a rule, are also decomposed by 
moderate heat into a lower oxide and oxygen. Here again, how- 
ever, we notice that almost all so-called peroxides, when suitably 
treated, yield compounds both with basic and with acid-forming 
compounds. Such compounds, however, are not usually stable, 
and lose oxygen readily when heated. 


Constitutional formulae. — In the foregoing chapters on the 
oxides, constitutional formulae have been adopted, when the 
molecular weight of the compound has been determined from its 
vapour- density ; as, for example, SO 2 CI 2 ; or, where the formula can 
be directly deduced from such compounds by simple and direct 
connection, as, for instance, S02(0H)2. But the latter formulae 
are by no meant so well vouched for as the former, and we have 
seen (p. 421) reason to believe that the simple formula of sulphuric 
acid does not, in all probability, represent its true molecular 
weight. Where such evidence, is not at hand, the double com- 
pounds have been classified as addition products. This, how- 
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ever, by no means precludes the ascribing to them constitutional 
formula?, when data sufficient to warrant this course have been 
accumulated ; and, in some cases, we have been guided to such 
formuloD by analogy with compounds, the proof of whose con^sti- 
tutional formula) is fairly satisfactory. 

Constitution of the double halides and oxyhalides. — But 
having in many cases seen reasons for giving constitutional 
formulas to certain double oxides, it may not be amiss to inquire 
whether the double halides, which have uniformly been treated as 
additive compounds, should not also have constitutional formulae 
ascribed to them. 

It has been suggested that such combination occurs by virtue 
of the halogen elements, which in such compounds function as 
triads towards each other. We are acquainted, for example, with 
the compound ICI3, in which iodine acts as a triad. Now, if this 
supposition be granted, it becomes possible to represent any double 
halides whatever constitutionally. 

For example, the compounds KF.HF, KF.2HF, and KF.3HF, 
are known. They may be written : — 


.F— H 

K— F=F— H , K— F< I 

^F— H 


FH 

id K— F< H. 

\fh^ 


WT I, 1 T4 ^ 

We have also : Be<Qj ^ > 


^C1 H /F=KF 

.Cl Cl\r^ B^F : 






■F 


and so on. Given the hypothesis, all double halides may be thus 
repi*esented by a little ingenuity. 

It is an ascertained fact that the vapour-densities of many 
simple halides increase with rise of temperature. For example, the 
formula of gaseous stannous chloride at temperatures not far above 
its boiling point, 601®, is SiiaCb, but with rise of temperature it 
falls, until at a high temperature its formula is SnCl 2 . It might be 
conceived that such bodies are analogously constituted, thus : — 
C1=C1 

Sn<^Qj but we shall see reason to doubt this explana- 

tion in considering compounds of such elements with hydrocarbon 
radicles (see p. 506). And if such an explanation is unsatis- 
factory for bodies in the gaseous state, it appears inadvisable to 
apply it to solid and liquid substances, about whose molecular 
weights we can only speculate. 



497 
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CHAPTER XXX. 

BORIDES. — CARBIDES AND SILICIDES. OEOANO- METALLIC COMPOUNDS. — 

CONSTITUTION OF DOUBLE COMPOUNDS. 

Borides. 

Very few of tliese compounds are known. The list which follows 
comprises all that have been investigated : — IfsB ; MgaB 2 ; AIB ; 
AlBg; Mn 3 B 2 ; B 3 C ; BN; AgaB ; also borides of iron, pal- 
ladium, iridium, and platinum. The compound of boron with 
nitrogen will be considered under the heading “ Nitrides ** 

Hydrogen boride, II,B* is produced by gradual addition of 
strong hydrochloric acid to magnesium boride, MgjBa, contained 
in a flask. A colourless gas, consisting of more than 99 per cent, 
by weight of hydrogen and less than 1 per cent, of hydrogen 
boride is evolved. It has a disagreeable smell, and produces head- 
ache and nausea. It is sparingly soluble in water, but its solution 
is permanent, retaining its smell for several years. The gas is 
decomposed into boron and hydrogen at a red heat. Hydrogen 
boride communicates a brilliant green colour to the flame of the 
burning hydrogen. 

Its formula was determined by comparing the weight of water 
obtained by passing a known volume of the gas over red-hot copper 
oxide with that obtained from an equal volume of hydrogen. Had 
its formula been HoB, occupying the same volume as the hydrogen 
it contains, the weight of water should have been identical in both 
cases ; had its formula been HB, a less amount of Water would 
have been produced. Actual experiment showed that a somewhat 
greater amount was formed ; hence the conclusion that it contains 
more hydrogen than HoB ; and the probable conjecture that its 
formula is H3B. 

* Jones, Chem. 8oc.y 36, 41 ; 89, 215. 

2 K 
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Magnesium boride, Mg3B2, is a grey semifused mass, pro- 
duced by direct union ; or when formed by the action of boron 
chloride on hot magnesium, an almost black substance. It is most 
easily obtained, although in an impure state, by heating together 
to redness in a covered crucible a mixture of boron trioxide an'd 
magnesium dust. It is insoluble in water. 

Aluminium borides, AIB, and AIB^,* are produced when 
aluminium and boron trioxide are heated together. The first forms 
golden-yellow hexagonal laminf© ; the latter large black laminae. 
At the same time boron carbide is formed, due to the carbon of 
the furnace, probably of the formula B3C, in hard black crystals 
with metallic lustre, insoluble in nitric acid. 

Manganese boride, Mn3B2, forms grey-violet crystals, pro- 
duced by heating manganese carbide to redness with boron tri- 
oxide. They are decomposed by water at 100°, and by acids, 
hydrogen alone being evolved. 

Silver boride, possibly AgaB, is a black precipitate produced 
when hydrogen, containing hydrogen boride, is passed through a 
solution of silver nitrate. It reacts with hot water, evolving 
hydrogen boride. — Boride of iron, a substance with white metal- 
lic lustre, is formed by heating ferrous borate in a stream of 
hydrogen, or by the action of boron trichloride on red-hot iron. 

The remaining borides have been little investigated. 

Carbides and Silicides. 

Compounds of carbon with hydrogen have been very fully in- 
vestigated, and those containing hydrogen and other elements (the 
** organo- metallic ’* compounds) are also, in many instances, known. 
To describe the “ hydrocarbons ’’ is beyond the province of this 
book, as the subject is fully treated in text-books of organic 
chemistry. Some of the more important, however, will be con- 
sidered here. 

Methane or marsh-gas, OHi. — Sources. — As its name implies, 
this compound is formed in marshes, where it is produced by 
the decomposition of carbon compounds such as woody fibre, out 
of contact with air, at the bottom of stagnant pools. When the 
mud is stirred, the marsh-gas comes to the surface in large bubbles 
mixed with carbon dioxide, also arising from the decay of the 
organic matter, and with nitrogen dissolved in the water. Methane 
is also known as “ fire-damp by miners, and occurs in coal mines. 
When the pressure of the atmosphere diminishes, as shown by a 
* Comptes rend,f 07, 456. 
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falling barometer, methane issues from cracks in the coal, mixing 
with the air of the mine, and forming an exceedingly dangerous 
explosive mixture, by the ignition of which many lives are annually 
lost. Methane requires for complete combustion to carbon di- 
oxide and water twice its volume of oxygen, corresponding to 
approximately ten times its volume of air. But, in order to fire 
such a mixture, the temperature must be high. Sir Humphrey 
Davy took advantage of this fact in his invention of the Davy 
Safety Lamp,” an oil lamp completely surrounded with copper 
gauze ; the copper conducts away the heat, so that, even if a mix- 
ture of methane and air penetrates to the interior of the lamp, the 
heat it evolves is distributed over a considerable mass of copper, 
and the temperature is thereby lowered below the point of ignition 
of the mixture of methane and air in the mine. When such com- 
bustion takes place in the interior of the lamp, however, the miner 
should withdraw. 

Methane issues from borings in the ground, in the vicinity of 
the oil- springs of Pennsylvania, in enormous quantity, and it is 
utilised as a fuel. 

Methane is also one of the chief constituents of coal-gas, formeil 
by the destructive distillation of coal ; London gas contains from 
35 to 42 per cent, by volume. 

Preparation. — When carbon and hydrogen combine directly 
in the intense heat of the arc-light, they form not methane, but 
acetylene, G 2 H 2 . From this compound, however, methane can b(‘ 
produced by the action of nascent hydrogen. 

Methane is also obtainable by double decomposition. 1. When 
a mixture of hydrogen sulphide and carbon disulphide vapoui*, 
produced by passing a current of the former through a wash-bottle 
containing liquid carbon disulphide, is led through a red-hot tube 
of hard glass filled with copper turnings, the copper withdraws 
sulphur, and hydrogen and carbon combine, thus : — 

2H2S + GS2 + 8Cu = 4CU2S 4- OH 4 . 

2. Pure methane is formed by the action of water or am- 
monia on zinc-methyl (see p. 503) ; the zinc is converted into 
hydroxide or into zinc-amide, and its place is filled by hydrogen, 
thus : — 


Zn(CH 3)2 + 2H2O = Zn(OH)2 + 20^4; 

Zn(CH 3)2 4 2NRs = ZiiCNH^)^ 4 2GH,. 

The decomposition of a mixture of sodium acetate and hydr- 
oxide by heat also yields impure methane. It is better to sub- 

2 K 2 



500 


THE BORIDES, CARBIDES, AND SILICIDES. 


stitute for pure caustic soda, “soda-lime,*' produced by slaking 
lime witb caustic soda solution. Sodium acetate may be regarded 
as sodium carbonate, one sodoxyl group ( — ONa) of which is re- 
placed by methyl, 2 .e., methane minus an atom of hydrogen. When 
heated with sodium hydroxide, its sodoxyl replaces the methyl- 
group, which combines with the hydrogen of the caustic soda, 
forming methane, thus : — 

CH3— CO.ONa + H— ONa = Cfli + 

A flask of hard glass should be used, and the mixture of acetate 
and soda-lime should be thoroughly dried before it is placed in the 
flask. 

Properties. — Methane is a colourless gas, without smell, 
almost insoluble in water. When pure it burns with a non- 
luminous flame. It decomposes, when strongly heated, into 
other hydrocarbons and hydrogen. It is unattacked by acids 
or alkalies ; with chlorine in direct sunlight, however, it gives a 
series of substitution -products, in which one, two, three, or four 
atoms of hydrogen are successively replaced by chlorine. The 
names and formula of these bodies are as given below : — 

Chloromethane, or methyl chloride, CR^Cl ; 

Dichloromethane, or methylene dichloride, CH2CI2 j 

Trichloromethane, or chloroform, OHCI3 ; 

Tetrachloromethane, or carbon tetrachloride, COI4. 

These bodies may have their chlorine replaced, atom by atom, 
by the action of nascent hydrogen, yielding methane as a final 
product. The existence of this series of compounds strongly 
corroborates the conclusions drawn from the vapour-density of 
methane, that it contains four atoms of hydrogen, inasmuch as its 
hydrogen is replaceable in fourths. 

Methane boils at — 164°, and solidifies to a white snow-like 
mass about — 185'8°. 

Hydrogen silicide, StlTi, the corresponding compound to 
methane, is also a colourless gas. It does not occur free in 
nature. 

Preparation. — 1. By direct combination.— Nascent hydro- 
gen, evolved by electrolysing a solution of common salt by a 
battery, the negative pole of which consists of aluminium contain- 
ing silicon, unites with the silicon, and spontaneously inflammable 
bubbles of hydrogen containing hydrogen silicide are evolved 
2. By double decomposition. — Magnesium silicide, produced 
by heating to redness magnesium powder and sand in a small 
crucible, is treated with dilute hydrochloric acid. The magnesium 
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silicide yields magnesium chloride and siliciuretted hydrogen, as 
hydrogen silicide is often called, thus : — 

MggSi + 4HCl.Aq = H^Si + 2MgCl2.Aq. (Compare BH3, p. 497.) 

'J'his forms a convenient lecture experiment. 

A third method is to heat the compound SiH(OC2H6)3 with 
sodium, which is itself unchanged, but which induces the follow- 
ing decomposition ; — 4SiH(OC2H6)3 = 8iHi -f dSi(OC2H6)3. 

Properties. — Hydrogen silicide is a colourless, spontaneously 
inflammable gas, insoluble in water, burning to water and silica. 
It also burns in chlorine, producing hydrogen and silicon chlorides. 
It is decomposed at 400° into amorphous silicon and hydrogen. It 
liquefies under a pressure of 50 atmospheres at —11°, 70 atmo- 
spheres at —5°, and 100 atmospheres at —-1°. 

A liquid compound analogous to chloroform, of the formula 
SiHCls, is produced by heating silicon to redness in a current of 
hydrogen chloride. It boils at 55 — 60°. With water, it yields 
SiH'^Oa, or silicoformic anhydride. The corresponding iodide is 
also known ; it boils at 220°. 

Ethane, CaHe. — When methyl iodide, CH3I, is treated with 
sodium, sodium iodide and di-methyl or ethane is produced, 
thus : — 

CH3I ■ " Na i NaT ijC H3, or 2CH3I + 2Na = 2NaI + 

From tins synthesis it is argued that the constitution of ethane 
is represented by the formula H3C — CH3. This compound difft^rs 
in formula from methane by containing the group (CH2) in 
addition ; and many other hydrocarbons are known of the general 
formula CnH2M+2. To treat of such compounds is the province of 
Organic Chemistry ; but it may be here stated that such a series 
of compounds is termed a homologous series. Thus we have : — 
Methane, OH4 . ; ethane, C^Ih ; propane, CWs ; butane, CJho ; 
pentane, C&H 12 , and so on. Like methane, ethane is a colourless 
insoluble gas, devoid of taste or smell; it issues, along with 
methane, from the soil in parts of Pennsylvania. 

Hexahydrogen disilicide, or silicon-ethane, Si2H6. — When 
an electric discharge is passed through hydrogen silicide, a yellow 
compound encrusts the tube, having the composition of silicon- 
ethane. It burns in the air, and ignites on percussion ; like the 
tetrahydride, it burns in chlorine.* This compound is analogous 
to the hexachloride described on p. 151, and its formula is deduced 
by analogy, for its molecular weight is unknown. No other mem- 


Comptes rend., 89 , 1068. 
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ber of the homologons series is known with silcon, but a com- 
pound containing both carbon and silicon, named silico-nonane, 
has been produced by treating zinc ethyl (see p. 503 ), Zn(C2H5)2, 
with silicon tetrachloride. Its formula is Si (02115)4, and it is note- 
worthy as the analogue of the corresponding carbon compound 
nonane, C9H20. 

For other compounds displaying analogy between carbon and 
silicon, a text-book of Organic Chemistry must be consulted. 

Double compounds of methyl and ethyl; “Organo- 
metallic compounds.’’ — This name is given to compounds in 
which the metallic elements replace the hydrogen of methane, 
ethane, and similar hydrocarbons; or they may be regarded as 
compounds of groups such as (CH3)', methyl, or (C2H5)', ethyl, 
with the elements. As these compounds are usually capable of exist- 
ence in the gaseous state, and as their vapour-densities are, as a 
rule, known, they are well adapted to throw light on the formulas 
of other compounds of the elements. They will be considered in 
their order. 

Preparation. — 1 . By the action of methyl or ethyl iodide 
(iodomethane, or iodoethane), CH3I, or C2H5T, on the elements, 
or on their alloys with potassium or sodium, thus 

ZnNa 2 4- 2 C 2 H 5 I = Zn(C 2 H 5)2 -h 2NaI; 

SbKs 4- 3 C 2 H 5 I = Sb(02H5)3 4- SKI. 

2. By heating the halides of some elements with zinc- 
ethyl, Zn(C2H6)2, thus : — 

HgCl 2 + Zn(C2H5)2 = Hg(C2H5)2 -h ZnCl 2 ; 

Sn(C2H5)2l2 + Zn(C 2 H 6 ) 2 = Sn(C2H5)4 -4 Znl 2 . 

3. By replacing zinc in zinc-ethyl by another metal by 
direct action, e.g . : — 

Zn(C 2 H 6)2 -f 2Na = 2 Na(C 2 H 5 ) 4- Zn. 

Properties. — These compounds are colourless or yellow liquids 
with nauseous smell, heavier than water, and with few exceptions 
(Bi(C2H6)3, Pb 2 (C 2 H 5 ) 6 , and Sn2(C2H5)4), volatile without decom- 
position at comparatively low temperatures. Hence their vapour- 
densities have in most cases been determined. They are almost 
all decomposed by water, yielding the hydroxide of the element 
and ethane, thus Z d(C2H6)2 4 - 2 H.OH = Zn(OH)2 4 - 
Most of them react energetically with oxygen, and inflame spon- 
taneously in air. By cautious oxidation they yield either organo- 
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metallic oxides or double oxides of metal and ethyl or methyl, for 
example: — Sb(C2H6)3 -f O = 0=Sb(C2H6)3; Sn2(C2H6)6 -f 0 = 

zinc-ethyl gives a double oxide, named zinc- 

ethylate or ethoxide, thus : — Zn(C2H6)2 + 20 = Zn(002H6)2. 

In many cases they form addition-products with halogens, as 
for example, Sb(C2H6)3 -f I2 = l2Sb(C2H5)3 ; in other instances, 
the compound is split, forming an iodide of the organo-metal and 
ethyl iodide, thus : — 

Hg(C2H5)2 + I2 = I.Hg.C2H5 + C2H,I ; 

(C2H5)3Sn-Sn(C2H5)3-|-l2 = 2ISn(C2H5)3. 

But halogen compounds, if they contain two atoms of halogen, 
yield oxides on treatment with hydroxides of the alkalies ; for 
example, l2Sn(C2H5)2 yields 0=Sn(C2H6)2 ; and the compounds 
OSn2(C2H5)6, and 0 =Sb(C,H 5)3, are produced by direct oxida- 
tion. 

Hydroxides are similarly produced from the monohalides, 
thus C2H5HgI + KOH.Aq = KI.Aq + C2H5.Hg.OH; and, 
similarly, (02H5)2T1.0H, (C2H5)3Sn.OH, and (02H5)4Sb.OH 

have been prepared. These are soluble compounds, which, oh treat- 
ment with acids form definite salts, such as nitrate, O2H8.Hg.ONO2 ; 
sulphate, { (C2H6)2T10}2S02, &c. 

List. — Na(C2H6) ; K(C2H8) ; these bodies have been produced 
only in combination with zinc ethyl, by acting on that substance 
with metallic sodium or potassium. The compounds have the 
formulas Na(C2H6).Zn(C2H5)2, and K(C2H5).Zn(C2H5)2, and con- 
sist of large clear crystals. 

Be(C2H6)2; from beryllium and mercury ethyl, Hg(C2H6)2, 
b. p. 287". 

Mg(C2H6)2 ; from magnesium and ethyl iodide. Not volatile. 

Zn(CHg)2 (b. p. 46®), and Zn(C2H6)2 (b. p. 118°) ; from an alloy 
of zinc and sodium and the respective iodide. 

B(C2H6)3 (b. p. 95") ; from boron trichloride and zinc ethyl. 
This body is analogous to hydrogen boride ; with oxygen it yields 
the ethyl salts of ethyl boracic acid, C2H8.B(OC2H6)2, and of 
diethyl boracic acid, (C2H5)2.B(OC2H6). These substances are 
more easily produced by the action of zinc ethyl on ethyl borate, 
B(0C2H5)3, formed by the action of ethyl hydroxide (ordinary 
alcohol) on boron trichloride, thus : — 

BCh -b 3C2H8QH = B(0C2H8)3 -b 3H0/. 

The reactions of this substance with zinc ethyl are as follows : — 
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BCOOjH,), + Zn(C*H02 = B< 


an, 

(OC,H,)z 




and 


®<(06H.). + + 2"<0C°k 


The analogy of the compound Zn(0 02115)2, also known, with 
the hydroxides, will he perceived. 

On treatment of ethyl borate of ethyl, and of diethyl borate of 
ethyl with water, ethyl and diethyl boracic acids are produced, 
thus : — 


B< 


WH.). + + 20=H.0H; .„d 

®<(oSh.) + + Cai,OH. 


These compounds, it will be noticed, are the analogues of com- 
pounds occupying an intermediate position between boron hydride 
and hydroxide, such compounds being incapable of existence, 

H H 

owing to their instability, thus : — 


C2H5 


similarly, the compound ) 


is analogous to a mixed 


hydride and hydroxide, H — Zn — OH. 

A1(CH3)3; A1(C2H8)3; Al2(CH3)e; Al2(C2H5)c. — A great deal 
of interest attaches to these compounds. They are produced by 
the action of metallic aluminium on mercury methide or ethide. 
The methide boils at 130^ ; the ethide at 194°. 

The first point which a study of their vapour-densities is able 
to decide is the precise constitutional formulae of the halides of 
such elements as aluminium, chromium, iron, &c. We have 
seen, on page 143, that while dicliloride of chromium, in the 
state of gas, appears to exist partly as CrCh, at 1600° its high 
vapour- density shows the presence of molecular aggregates, prob- 
ably of the complexity Cr2Cl4. Iron dichloride, at 1400 — 1500°, 
possesses the simplq formula FeClg. Chromic chloride, about 1060°, 
has the simple formula CrCU, while ferric chloride, below 620°, 
has a complex formula, probably Fe2Cl6, but at higher temperatures 
(750° and upwards) it has the simpler formula FeOla. The 
densities of aluminium halides, and their bearing on the molecular 
weights of these compounds, has been discussed on p. 135, with 
similar conclusions. 

Precisely similar* results are obtained with the methide and 
ethide of aluminium. The following tables give a summary of the 
results obtained : — 
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Ethide— Temperatures:— 234° 235° 268° 810° 360° 

Densities:— 65'1(P) 121 (?) 87-4 36-2 36-2 

The theoretical density of the compound A1 (€ 2115)3 is 57, and 
ofcAl 2 (C 2 H 5)6 is 114. 

Methide. — Temperatures : — 130° 163° 220° 240° 

Densities 63T 59*3 40*7 40*5 


Theoretical density of Al(CEr 3 ) 3 , 36*0 ; of Al 2 (GH 3 ) 6 , 72. 

Two different sets of observers are responsible for the densities 
of the ethide at 234°, viz., Gay-Lussac, and Buckton and Odling ; 
and at 235°, Victor Meyer, and Louise and Boux. At 310° and 
350° the substance is wholly decomposed. All that can be 
gathered from these results is that, at low temperatures, the 
formula appears to be Al 2 (C 2 H 5 ) 6 , and at higher temperatures, the 
molecular formula is a simpler one. With the methide the results 
show more symmetry. The density at 130°, 63’1, approaches the 
theoretical density of Al 2 (CH 3 )e, and at 240°, the number 40*5 is 
not far removed from 36, the density of A1(CH3)3. These results 
generally confirm those obtained with the chloride, given on p. 135 ; 
and it may, consequently, be concluded, that at high temperatures 
all these bodies have the simpler formulso, and at lower tempera- 
tures, more complex formulae, probably due to association of two 
simpler molecules. 

But a second question arises, which involves a point of extreme 
theoretical importance. It is : What is the nature of the com- 
bination which exists in the double molecular formulae ? To this 
question there are three possible answers. 

First, from analogy with the carbon compounds C 2 H 6 and C 2 CI 6 , 
the former of which betrays its constitution by its synthesis from 
methyl iodide and sodium (p. 501), such compounds as A12C16, 
Al 2 (C 2 H 6 ) 6 , &c., may be regarded as thus constituted : — 

CLAl—AlCls. 


Second. The complex halides, AI 2 CI 0 , &c., may be regarded as 
analogous to double halides, such as have been discussed on 


p. 496, constituted thus : 


/C1=CL 

AlfCl=Cl^Al. 

\C1=CK 


Third. They may be regarded as purely additive compounds, 
groups such as AICI3 being capable of associating in twos, threes, 
<&c. 


The second hypothesis may be at once disposed of by noticing 
that such a constitution as (A 1 C] 3 )(C 13 A 1 ) is completely excluded, 
from the fact that no such formula can be applied to the methides 
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and ethides, for the ethyl and methyl groups have no further 
power of combination; no addition compounds of methane and 
ethane are known. This of itself forms a strong argument 
against the proposed graphic formulae for the halides, mentioned 
on p. 496 . Hence we are confined to the first and third hypo- 
theses. Against the first, which looks plausible from the analogy 
between AlgCls and CaCle, it may be urged that while compounds 
of carbon, in which it functions as a tetrad, as in CH4, CCI4, &c., 
are the rule, such compounds of aluminium are wholly unknown. 
Moreover, none of the elements of the aluminium group form such 
compounds ; those of manganese, which presents some slight 
analogy with aluminium, such as MnF4, are exceedingly unstable. 

We are, therefore, obliged to accept the third hypothesis that 
two classes of chemical compounds can exist ; the substitutive, of 
which we have had many examples, and the additive. It is im- 
possible to class compounds containing water of crystallisation 
otherwise than as additive compounds, and there appears no 
reason to believe that double halides are otherwise constituted. 
Moreover, the uncertainty attaching to molecular formulae, such as 
AbCle, which appear to be constant over a very small range of tem- 
perature, and the consideration of the molecular weight of hydro- 
gen fluoride, and similar bodies, would lead to the supposition that 
the molecular aggregation is not necessarily restricted to that of 
twice the simpler molecule. But these considerations should not 
lead us to exclude substitutive formulae, for which, as has been 
shown repeatedly, we have abundant evidence; it would merely 
lead to the conclusion that it is impossible to represent all forms 
of chemical combination by their aid. 

Si(C2H5)4, from SiCl4 and Zn(C2H6)2, and the derivatives, 
ClSi(C2H5)3, Cl2Si(C2H5)2, Cl3Si(C2H6), confirm and exemplify the 
compounds SiH4,SiHCl3, and SiCl4. Besides these, the existence of 
compounds 

Si(OC.H 5 ) 4 ; 0 =Si(aH,),; and HO— SiCC^Hs),, 

justify the views expressed on p. 306 , regarding the constitution 
of orthosilicic acid. 

Si2(C2H5)6, from disilicon hexiodide Si2l6) and zinc ethyl, con- 
firms the formula of the hexahydride, Si2H6, and renders likely 
the suggested formulsB for the polyBilicic acids, described on 
p. 307 . 

The compounds of tin, Sn( 02 H 6 ) 4 , from SnCl4 and Zn(C2H6)2, 
or from Sn(02H6)2l find Zn(C2H6)2 ; Sn2(C2H6)8, from an alloy of 
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tin and sodium in the proportion expressed by the formula SnNaa, 
and zinc ethyl; and of Sn2( 020^5)4, from an appropriate alloy by 
the same reaction, confirm the relationship between silicon and 
ti«L. The last compound is analogous to the chloride, 

Cl2=Sn=Sn=Cl2, 

in the state of vapour at low temperatures. 

The relations of lead to silicon and tin are exemplified by the 
existence of the compounds Pb(C2H6)4, and Pb2(C2H5)6. 

It will be remembered that lead tetrachloride is a very unstable 
compound, and that diplumbic hexachloride is unknown (see 
p. 153 ). 

The similar compounds of the nitrogen and phosphorus groups 
will be alluded to later, in discussing the nitrides and phosphides 
of hydrogen. 

Lastly, dyad compounds of mercury, Hg(CH3)2, Hg(C2H5)2, and 
others, are known, the vapour-densities of which establish the 
formulsB of the dihalides of mercury, although it is not improbable 
that the latter may have more complex formulee in the solid 
state. 

Ethylene, C2H4. — Like methane, this hydrocarbon forms the 
first member of a homologous series ; it is termed the olefine 
series, from the old name for ethylene, “ olefiant gas,” due to the 
fact that ethylene and chlorine combine directly to form a dichlo- 
ride, C2H4CI2, which is an oily body. 

Preparation. — Ethylene is one of the products of the distilla- 
tion of wood and coal, being probably formed by the action of 
heat on methane, thus : — 2GHi = OzHi + 202- It is usually pre- 
pared by the action of sulphuric acid on alcohol (ethyl hydroxide), 
C2H5.OH. The first action is the formation of hydrogen ethyl 
sulphate, HO — SO2 — OC2H6, thus : — C2H5OH -f HO — SO2 — OH 
= HO — SO2 — OC2H5 -h H2O. On raising the temperature, the sul- 
phate is decomposed, thus : — HO — SO2 — OC2H6 = HO — SO2 — OH 
+ GzSi- The operation should be performed with a large excess 
of sulphuric acid in a large flask, for the mixture is very apt to 
froth up. Ethylene and homologous hydrocarbons are also formed 
by the action of acids on carbide of iron, or cast iron ; this mode 
of formation is anaibgous to that by which hydrogen boride and 
silicide are prepared. 

Properties. — Ethylene is a colourless gas, without odour, 
almost insoluble in water. It may be condensed to a liquid boiling 
at — 102 * 3 °, and when frozen it is a solid melting at — 169 °. It 
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combines directly with the halogens, forming oily bodies, which 
may be regarded as substitution products of ethane, C2H6. From 
this and other reactions it is assumed that the formula of ethylene 
is H2C=CH2, analogous to the Cl2Sn=SnCl2, and other simijar 
compounds. 

Ethylene bums with a luminous flame, and is one of the con- 
stituents of coal-gas which cause it to burn brightly. The lumi- 
nosity is due to the presence of solid white-hot particles of 
carbon. That this is the case is proved by the fact that solar 
light reflected from a candle or coal-gas flame shows when viewed 
through the spectroscope its characteristic vertical black lines ; 
now gases cannot reflect light, hence the presence of a solid in 
the flame is demonstrated. By mixing with excess of air, so as to 
supply sufficient oxygen to wholly consume the carbon within the 
flame, a non-luminous and hotter flame is obtained ; this is the 
principle of the Bunsen’s burner, so necessary in our labora- 
tories. 

Acetylene, C2H2. — This hydrocarbon is formed along with 
ethylene during the distillation of wood, coal, &o., and hence it 
forms one of the constituents of coal-gas. It has been prepared 
by exposing methane or ethylene to a red heat, probably according 
to the equations: — 2OII4, = O2H2 -f SBTgj CzHi = + -H2. 

One of the easiest methods of preparing acetylene is to partially 
burn methane ; or coal-gas, the methane in which is sufficient for 
the purpose. When a Bunsen’s burner “ burns below,” a disagree- 
able smell is perceived, due to this gas. It may be still more 
conveniently prepared by burning air in coal-gas, by means of the 
arrangement shown in Fig. 44. The air enters by a small tube 
into an atmosphere of coal-gas, where it bums in excess of the 
latter. The acetylene is drawn off by means of an aspirator and 
after being cooled it is passed through an ammoniacal solution of 
cuprous chloride, with which it reacts, forming a red insoluble 
compound. 

It is also formed by the direct union of carbon with hydrogen 
at an intensely high temperature, produced by the electric arc in 
an atmosphere of hydrogen. 

Acetylene is a colourless gas with a disagreeable smell; it 
liquefies at 1° under a pressure of 48 atmospheres. It unites 
directly with chlorine, <fec., forming a tetrachloride, and it is there- 
fore concluded that it possesses the constitutional formula 
HC=GH. When passed over heated sodium, one or both atoms 
of hydrogen are replaced by the metal, forming HC~CNa and 
NaC=CNa, solid bodies which on treatment with water at once 
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yield sodilim hydroxide and acetylene, thus : — HC~CNa HOH 
= HC^CH -f NaOH. With ammoniacal solutions of cuprous or 
argentous chloride it yields red or yellowish -white precipitates 

Fig. 44. 



of H— C=C— Cu-CuOH and H— C=C— Ag, which are ex- 
ceedingly explosive when dry, and which, on treatment with acids, 
yield acetylene, e.g., H — C“C — Ag + ClH.Aq = H — C=C — H 
-j- AgCl + Aq. Homologues of acetylene are also known which 
give similar metallic compounds. 

This scanty notice of the hydrocarbons must here suffice. 
Enough has been said to show the relations of these bodies to 
the silicon compounds, and to throw some light on the nature 
of the compounds of other, elements. The hydrocarbons may be 
termed the “ elements of Organic Chemistry, and their deriva- 
tives are as numerous as, and more complex than, those of almost 
all other elements together. 

The remaining carbides and silicides have been little investi- 
gated, but appear worthy of more careful study. 
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Iron carbide exists in pig-iron, the crude iron produced by 
smelting iron ore in a blast furnace with coal and lime. The 
greater part of the carbon is, however, uncombined. If finely- 
divided iron be kept fused with charcoal in a crucible until it has 
united with its maximum of carbon, a dark-grey mass is obtained, 
exceedingly brittle, and containing 94*36 per cent, of iron and 
5*64 per cent, of carbon. Dividing 94*36 by the atomic weight of 
iron, 66*02, and 6*64 by 12*0, the atomic weight of carbon, the 
ratio of the number of atoms of iron to that of carbon is ascer- 
tained ; it is 1*68 Fe to 0*47 C., or approximately Fe 7 C 2 , which 
would require 6*7 per cent, of carbon. 

Some specimens of pig-iron when broken are seen to have a 
grey, and some a white colour. The grey specimens contain car- 
bide of iron and free carbon, for when treated with acid, carbon is 
left in the form of graphite, while hydrocarbons like ethylene, 
02 ^ 4 , are evolved. From this it paay perhaps be concluded that 
the carbide of iron present has the formula Fe 2 C 2 , corresponding 
to C 2 H 4 . But such a body has not been obtained. The amount of 
“ combined carbon in white pig-iron is about 2*6 per cent., and 
of graphite 0*9 per cent., and in grey pig-iron the ‘‘ combined 
carbon ” amounts to about 1*0 per cent., and the graphite to 2*6 
per cent. If the iron contains manganese, its capacity for retain- 
ing carbon in combination is much increased. An iron containing 
10 per cent, of manganese retains as much as 4 per cent, of car- 
bon in chemical combination, and is known as ‘‘ spiegel iron.*’ 
Steel is also a mixture of iron with its carbide. If the proportion 
of carbon does not exceed 0*3 per cent., the steel is comparatively 
soft; if it contain from 1*0 to 1*2 per cent., the steel is hard, and 
is employed for cutting instruments ; 1*4 cent, of combined carbon 
renders it like white cast iron, more fusible, and very brittle. 

The effect of adding silicon to iron is to modify its proper- 
ties very considerably. Samples have been obtained containing 
as much as 10 per cent, of silicon, but the iron has at the same 
time contained 1*12 per cent, of free carbon and 0*69 per cent, of 
combined carbon, besides phosphorus, manganese, and sulphur. 
“Silicon pig,” as this mixture is termed, forms better castings 
than ordinary cast iron. The beat results, most free from air-holes, 
are obtained with from 1*5 to 3 per cent, of silicon. The iron is 
usually bluish, and has a close-grained fracture, but with 10 per cent, 
of silicon the colour is nearly white, and the fracture shows large 
silvery facets. No definite compound has, however, been isolated. 

Like iron, nickel unites with carbon, forming a brittle carbide 
of unknown formula. 
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Compcunds of tin and lead with silicon appear to be formed 
y direct union. 

On dissolving a large amount of pig-iron containing titanium 
in dilute hydrochloric acid, a number of minute cubes with metal- 
lic*lustre were obtained, having the composition TiC. 

A carbide of palladium is produced by fusing palladium in 
a crucible filled with lampblack. It is so brittle that if struck 
with a hammer when red-hot it falls to powder and gives off a 
white fume. A piece of palladium heated in an alcohol flame 
unites with carbon (?) before it becomes red-hot, and when re- 
moved from the flame it glows until the carbon is consumed. 
Iridium behaves similarly. 

Certain carbon compounds containing platinum are said to leave 
a carbide on gentle ignition. It may be a mixture, however, for 
on treatment with nitro-hydrochloric acid the platinum dissolves, 
leaving carbon. 

Platinum and silicon readily combine, forming a white me- 
tallic looking mass. 

Copper and silver also unite with silicon, and three carbides 
of silver are said to exist, viz., AgiC, Ag,C, and AgC, produced 
by heating certain compounds of carbon containing silver. Their 
existence, however, is doubtful. 
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PART VI.— THE NITRIDES, &c. 

CHAPTEE XXXL 

NITRIDES, PHOSPHIDES, ARSENIDES, AND ANTIMONIDES OF HYDROGEN : 

DOUBLE COMPOUNDS : AMINES AND AMIDES. 

The compounds of nitrogen, phosphorus, arsenic, and antimony 
with hydrogen are best known. Many combinations containing 
nitrogen and hydrogen have been prepared ; the nitrides of the 
other elements are but little investigated. The phosphides, gene- 
rally produced by direct union, require investigation. A con- 
siderable number of arsenides and antimonides are found native. 

1 . Compounds with hydrogen; hydrogen nitrides (am- 
monia and hydrazine), phosphides (phosphines), arsenides 
(arsines), and antimonide (stibine). 

List : — 

Nitrogen. Phosphorus. Arsenic. Antimony. 

NB,, N,R,. P2H4; P4H2. AsBy, (AsH)„. 

Sources. — Ammonia occurs in the atmosphere in very small 
proportion (3 or 4 parts per million) . But its presence is essential 
to the life of plants, and indirectly of animals. It is washed down 
by the rain into the soil,, whence it is absorbed as food by vegeta- 
tion, probably after oxidation to nitrates. It is produced by the 
putrefaction of nitrogenous organic n;iatter, especially by the 
decomposition of a constituent of urine, urea, CON2H4, under the 
influence of a ferment named hacillus urecB. The change produced 
is represented thus : — COX0H4 -h H2O = (7O2 4- 2NH^. Although 
it is exceedingly soluble in water, yet it is retained by soil, and 
is available for plant-food. Some ammonia, however, is washed 
down by streams, and hence natural water always contains traces. 

Ammonium chloride is found encrusting the soil in the neigh- 
bourhood of volcanoes. The ammonia prepared from this source 
is named “ volcanic ammonia.” 

The remaining hydrides do not occur free in nature. 

Preparation. — By direct union. — Although the decomposi- 
tion of ammonia is attended by absorption of heat, showing, that 
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its formation, as usual in the case of stable compounds, should 
take place with evolution of heat, yet there is insufficient evidence 
that ammonia has been produced by direct union of its elements. 
But if one of the two constituent elements is in the nascent state, 
union occurs. This may be effected (1) by the action of the 
induction discharge on a mixture of the gases ; and (2) by leading 
a mixture of moist hydrogen and nitrogen over red-hot iron filings. 
It is to be assumed in the first case that the induction discharge 
dissociates molecules of nitrogen and of hydrogen into atoms, 
which then combine ; and in the second that a hydride or nitride 
(most probably the latter) of iron is formed, which is then 
attacked by the nitrogen or hydrogen. In both cases, however, 
mere traces are produced. (3.) Moist nitric oxide passed over 
hot iron filings yields ammonia ; here both hydrogen and nitrogen 
are nascent. (4.) By the action of nascent hydrogen from zinc 
and sodium hydroxide (see p. 229) on oxygen compounds of 
nitrogen, such as nitric oxide, nitrites, or nitrates. 

Hydrogen arsenide and antimonide are also obtained by this 
process. A solution of chloride of arsenic or antimony is placed in 
a flask containing hydrochloric acid and pore zinc. The nascent 
arsenic or antimony, liberated from the chloride, unites with the 
nascent hydrogen, forming arsenide or antimonide of hydrogen. 

2. By the decomposition of their compounds by heat. 
— All ammonium and phosphonium salts dissociate when heated, 
and with the exception of the nitrite, nitrate, chlorate, and a few 
others, they yield acid and ammonia. Thus ammonium chloride 
yields ammonia and hydrogen chloride ; phosphonium iodide, phos- 
phine and hydrogen iodide, thus : — 

NH 4 CI = -h BGl; PH 4 I = PH, + HL 

Recombination takes place on cooling ; hence this process cannot be 
practically applied. 

3. By double decomposition. — Nitrides of boron, silicon, 
magnesium, titanium, &c., when heated in a red-hot tube in a 
current of steam, or with an alkali, yield ammonia, thus : — 

2BN + SH^O = B 2 O 3 + 2NH,. 

Attempts have been made to utilise this reaction, but without 
commercial success. 

Hydrogen phosphides, arsenides, and antimonide are also 
similarly produced by the action of hydrochloric acid or of water 
on phosphides, arsenides, or antimonide of sodium or calcium. 
These bodies, prepared by direct union of the elements in the 

2 L 
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desired proportion, nndergo a change such as this i—NagAs -}- 
SHCl.Aq = SKaCl.Aq + ArB^. 

As ammonia does not combine with hydroxides or with warm 
chlorides of sodium, potassium, calcium, &c., it is usually prepared 
by heating its hydrochloride (ammonium chloride) with excess of 
calcium oxide, or with caustic soda, thus : — 

NH*C1 + NaOH = NH^ -f NaCl + B^O ; 

2 NH 4 CI + CaO = 2NB^ + CaCl, + BJd. 

Similarly, phosphine, FB^^ may he produced from phosphonium 
iodide and a caustic alkali. 

4. Hydrogen phosphide, FB^, is formed when phosphorus is 
boiled with a solution of potassium or sodium hydroxide. This 
may be regarded as a union of the phosphorus both with the 
hydrogen of the water, forming PjSs, and with oxygen, the 
hydroxyl and hydrogen forming hypophosphorous acid ; the latter 
afterwards may be supposed to react with the alkali, forming 
water and a hypophosphite. The complete reaction is — 

P4 3H2O 4- SNaHO.Aq = FB^ -h SNaH.PO^.Aq. 

It may be regarded as occurring in the two stages : — 

P4 -h 6H.OH = SH^POCOH) + B^F ; 
and 3H2P0(0H) + 3NaOH.Aq = 3H2PO(ONa).Aq + 3H2O. 

(see Hypophosphorous Acid, p. 380). This reaction is essentially 
analogous to that of sulphur on sodium hydroxide ; only in this 
case a further change occurs, whereby sulphur dioxide and hydro- 
gen sulphide mutually decompose each other, yielding sulphur, 
which further reacts on the undecomposed sulphite. 

Hypophosphorous acid, H3PO2, and phosphorous acid, H3PO3, 
when heated, yield phosphoric acid and hydrogen phosphide. It 
will be remembered that hypophosphorous acid is probably two- 
thirds hydrogen phosphide, and phosphorous acid one-third hydro- 
gen phosphide, thus ; — 

H2=P(0H) and H— P(OH)2. 

0 0 

When heated, these bodies decompose, thus : — 

2H3PO2 = H3PO4 + PH3; 4H3PO3 = 3H3PO4 -f PH3. 

5. The usual source of ammonia is the “ gas-liquor,” 
produced by causing coal gas to pass through water in the 
“scrubbers.” The nitrogen and hydrogen of the coal unite. 
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forming ammonia, which escapes with the coal gas, but is retained 
in the water, owing to its high solubility. The gas-liquor is 
neutralised with hydrochloric acid, the water expelled by evapora- 
tion, and the ammonium chloride is then sublimed in hemi- 
spherical iron pots, covered by hemispherical lids. Ammonia is 
produced from the chloride by the action of quicklime. 

6. Hydrazine, — The method of producing this sub- 

stance involves the use of carbon compounds, and can hardly be 
understood without a knowledge of their nature and reactions. 
But, for completeness’ sake, the method will be indicated here. 

The hydrochloride of ethyl amidoacetate, 

NH2.CH2.COOC2H5.HCl, 

is treated with a solution of sodium nitrite. The following change 
takes place : — 

NH2— CH2-COOC2H5.HCI + NaN02.Aq = NaCl.Aq -f 2H2O -f 

S^CH.COOCaHs. 

NX 

The last compound, diazoacetate of ethyl, when heated with 
caustic soda, polymerises, forming a triple group, while the ethyl 
group is replaced by hydrogen. This group, on treatment with 
acids, reacts with water, forming oxalic acid and hydrazine, 
thus : — 

{(N2)=CH.C00H}3 + 6H2O = 3(C00H)2 + 3N2H4. 

An acid, named hydrazoic acid, has been prepared by Curtins, of the formula 
H(N 3 ). It is a soluble gas, with a penetrating smell, forming salts. The silver 
salt, AgNg, is an insoluble, explosive powder ; the barium salt, BaNg, forms large, 
transparent crystals. It is derived from benzoyl-azo-imide, 

C8Hs-CO-N<” . 

N 

Properties. — Ammonia, NIfs, is a colourless gas, with a 
pungent odour, very soluble in water, 1 volume of water dis- 
solving more than 800 volumes of the gas. This solution is the 
liquor ammonioe^ or “ spirit of hartshorn ” of the shops, so called 
because it used to be obtained by distilling stags* or harts* horns. 
In reality, this yields the carbamate, which, however, is easily con- 
verted into ammonia by quicklime. 

Liquid ammonia boils at — 40 °, and solidifies to a white crys- 
talline solid at about — 80 °. 

Owing to its solubility in water, the gas must be collected over 
mercury, or, as it is very light (8*6 times as heavy as hydrogen), 

♦ Curtius, Berichte^ 20, 1062. 

2 L 2 



616 


THE NITRIDES, PHOSPHIDES, ETC. 


by upward displacement. As it is absorbed by the usual drying 
agents, sulphuric acid or calcium chloride, it must be dried by 
passage through a tube filled with calcium or barium oxide. 

A considerable rise of temperature occurs when ammonia ^gas 
is passed into water, owing partly to the liquefaction of the gas, 
and partly, no doubt, to chemical combination with the water. It 
appears probable that a solution of ammonia contains, besides 
liquid ammonia mixed with water, a small amount of the com- 
pound NH 4 OH. But of this there is no satisfactory proof as yet. 
The solution, however, reacts as if it contained such a body ; like 
caustic soda and potash, it has a strong alkaline reaction and a 
caustic taste. But the ammonia is easily expelled by boiling the 
solution ; hence ammonium hydroxide, if it exists, must be very 
unstable. 

When heated to a few degrees above 500°, ammonia decom- 
poses; but at that temperature the rate of decomposition is 
exceedingly slow. As there is no recombination between its 
constituents, a sufficiently long exposure to that temperature 
ultimately completely decomposes it. Decomposition takes place 
more rapidly the higher the temperature, and is aided by porous 
surfaces.* 

Ammonia does not evolve sufficient heat by burning to con- 
tinue ignited in air, for a considerable amount of heat is absorbed 
to effect its decomposition before free hydrogen is produced, 
which will unite with oxygen. But it burns in oxygen with a 
yellowish flame, giving nilrogen and water. It instantly reacts 
with halogens, forming halogen substitution products if halogen 
is in excess, and nitrogen if excess of ammonia be present (see 
pp. 54 and 158). 

It unites with very many compounds ; these substances will be 
considered later. Its heat of formation is W -h = NH^ + 
120K -h Aq = 204K. 

Phosphoretted hydrogen, as tri hydrogen phosphide, Pjffs, 
is usually called, is also a colourless gas, possessing a disagreeable 
smell of garlic. Unlike ammonia, it is nearly insoluble in water. 
The liquid boils at —85°, and solidifies at — 132‘5®.t It is exceed- 
ingly poisonous, air containing one ten-thousandth of its volume 
of the gas speedily producing death. When contaminated with 
the liquid phosphide, P 2 H 4 , it is spontaneously inflammable ; such 
a mixture is produced by every method of preparation except 
that of decomposing phosphonium iodide, FHJ, with caustic 

* Chem. Soc,t 46, 92. 
t Monatth, Chem.j 7, 37X. 
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alkali, or boiling phospboms with an alcoholic solution of soda 
or potash. In preparing such an inflammable compound, care 
must be taken to expel air from the flask in which it is generated 
by^means of a current of coal-gas, or of carbon dioxide. When it 
is allowed to bubble through water, each bubble takes fire 
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spontaneously as it bursts, and produces a beautiful vortex ring 
of finely divided phosphoric acid. 

The heat of formation of PHj is P -j- SH = PH^ -f 43K. 

liike ammonia, hydrogen phosphide unites directly with hydro- 
gen chloride, bromide, iodide, and sulphate, but compounds with 
other acids have not been prepared. The “ phosphonium ” salts, 
as these compounds have been named, from their analogy with 
ammonium compounds, have the formulae PH4CI, PHiBr, and 
PH4I ; the formula of the sulphate has not been ascertained. 

Phosphonium chloride, PH4CI, is produced by mixing equal 
volumes of phosphuretted hydrogen and hydrogen chloride, and 
compressing the mixture. At 20 atmospheres, small white cr 3 ^s- 
tals deposit on the side of the tube. The same substance is pro- 
duced by cooling the mixture to — 30° or —35°. 

Phosphonium bromide, PHiBr, is produced when the gases 
are mixed and cooled ; or by the action of a strong solution of 
hydrobromic acid on phosphorus at 100 — 120° in a sealed tube. 
It forms white crystals resembling the chloride. 

Phosphonium iodide, PH4I, is produced by mixing hydrogen 
phosphide and hydrogen iodide at the ordinary temperature. A 
more convenient method of preparation is to dissolve 400 grams 
of yellow phosphorus in its own weight of cai’bon disulphide, and 
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to add very gradually 680 grams of iodine, keeping the solution 
cold. The carbon disulphide is then^ completely distilled off by 
means of a water- bath. The product is a mixture of iodides of 
phosphorus with free phosphorus. While carbon dioxide is pas^d 
through the retort, 240 grams of water are slowly added, the tem- 
perature still being kept low. The following reaction takes 
place:— 13P 4- 91 + 21H,0 = 3 H 4 P 2 O 7 4 TPHJ 4 2HL The 
condenser is then removed and a long wide tube adapted to the 
neck of the retort, closed at its further end by a perforated cork, 
through which a narrow tube is inserted leading to a draught. 
On careful heating over a sand-bath, the phosphonium iodide 
sublimes into the wide tube, the current of carbon dioxide being 
maintained. It forms a white crystalline crust, which on careful 
resublimation crystallises in perfect lustrous cubes. It is interest- 
ing to note that the crystalline form of these bodies is identical 
with that of the halides of sodium, potassium, &c. 

All these substances, on passing into vapour, decompose into 
their constituents, thus resembling ammonium chloride. Their 
vapour densities correspond to this change, and are half what they 
would be were the compounds to volatilise unchanged. 

Phosphonium sulphate is formed by passing hydrogen phos- 
phide into strong sulphuric acid at —35^, It forms a white 
crystalline mass, which decomposes as temperature rises, the sul- 
phuric acid being reduced to hydrogen sulphide, sulphur, and 
sulphur dioxide, while acids of phosphorus are produced. No 
nitrate is formed under similar circumstances. The nitric acid is 
reduced, and inflammable hydrogen phosphide is formed. 

Hydrogen arsenide, arsine, or arseniuretted hydrogen, 
H^Asj and hydrogen antimonide, stibine, or antimoniuretted 
hydrogen, H^Sb, usually written AsH^ and SlH^y are colourless 
gases, exceedingly poisonous. They have very disagreeable smells ; 
that of Ash's resembling garlic: liquid AsHs boils at —54*8°, and 
the solid melts at — 1I3’5° ; and solid SbHs melts at —91*5°, but 
decomposes before its boiling point is reached.* They are very 
sparingly soluble in water. As ordinarily prepared, they are 
mixed with large quantities of hydrogen. Stibine, indeed, cannot 
be obtained pure, except at a very low temperature ; even at —60^ 
a tube containing liquid stibine becomes coated with metallic 
antimony. They do not unite with acids. 

This means of recognising arsenic and antimony is taken advantage of in 
“ Marsh's test.” V Compounds of arsenic or antimony, placed in a flask contain- 


* Olzewski, Monatsh. Chem.^ 127 ; 7, 371. 
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ing zinc fintk acid, which yield nascent hydrogen, unite with the hydrogen, pro- 
ducing arsine or stibine. As commercial zinc often contains arsenic and 
antimony, specially purified zinc must be employed. The gas, after being dried 
by passage through a tube containing calcium chloride, is set on fire at the exit 
tuf^e, which should be drawn out into a jet, as shown in the figure. On holding 


Fig. 46. 



the lid of a porcelain crucible in the flame, arsenic or antimony is deposited, the 
former with a grey, and the latter with a black, colour. These deposits may be 
distinguished from each other by their behaviour with a solution of calcium 
hypochlorite. While the grey deposit of arsenic is easily oxidised and dissolved, 
the black slain of antimony remains unaffected. 

If the exit tube be heated to redness, the arsine or stibine is decomposed, 
and deposits of arsenic and antimony are obtained, which may be dissolved and 
tested by the usual means. This process is well adapted for testing for these 
poisons in complex organic mixtures, such as the contents of the stomach, &c. 
For further details concerning this process, a work on analytical chemistry must 
be consulted. 

Hydrazine, Nzlh is a gas, with an exceedingly sliarp pungent 
smell, somewhat resembling that of ammonia. It is very hygro- 
scopic and diflicult to free from water. Like ammonia, it unites 
with acids to form salts ; its hydrochloride, for example, having 
the formula N>H4.HC1. Its name is derived from the French term 
for nitrogen, azote. 

Tetrahydrogen diphosphide, PaHi, commonly termed liquid 
phosphoretted hydrogen, is produced along with the gaseous phos- 
phine by most of the reactions which serve to prepare the latter. 
It may bo separated by passing the gaseous spontaneously inflam- 
mable product through a cooled by a freezing mixture. 

It is a colourless mobile refractive liquid, which, on standing. 
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decomposes into phosphine and dihydrogen tetraphosphide, P4H2, 
a red solid. Liquid phosphoretted hydrogen is spontaneously in- 
flammable. No compounds with acids are known. 

A velvety brown substance, said to have the empirical formula 
AsH, is produced when sodium or potassium arsenide is treated 
with water. 

Composition of ammonia. — The volume relations of the constituents of 
ammonia may be shown by the following experiments 

1. To prove that ammonia gas contains half its volume of nitrogen. — The 
principle of the operation is to place gaseous ammonia in contact with some 
substance capable of removing its hydrogen by oxidation, and to compare the 
volume of the ammonia taken with that of the residual nitrogen. For this 
purpose a dry graduated tube, about 40 cm. in length, is filled with ammonia by 
upward displacement ; the ammonia may be prepared for this purpose by 
warming a strong solution, in a fiask, through a cork in the neck of which issues 
a long vertical tube, as shdwn in figure 47. When full, the graduated tube is 


Fiu. 47. 



slowly raised, and when free from the vertical tube conveying the ammonia, it is 
closed with the thumb. It is then transferred to a basin containing a strong solu- 
tion of sodium hypobromite, NaBrO (Fig. 48). Some of the solution \^ill enter : 
the tube is now shaken, and its open end is again dipped into the solution of hypo- 
bromite. The reaction 3NaBrO.Aq + 2iNH^ = 3NaBr.Aq -f- SHgO + Wg takes 
place. On removing the graduated tube to a jar of water, and equalising the level 
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of the liquid inside the tube with that of the water in the jar, it will be found 
that the nitrogen occupies half the space originally occupied by the ammonia. It 
IS thus seen that two volumes oj ammonia yield one volume of nitrogen^ 

Fig. 48. 
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2. To prove that for every three volumes of hydrogen contained iA ammonia, 
it contains one volume of nitrogen. — A tube, provided with a stopcock at each 
end, IS filled with chlorine (Eig. 49). It is divided into three equal parts 
by two indiarubber rings. A solution of ammonia is then poured into 
the funnel at one end, and the upper stopcock is opened, when sonee 
ammonia solution enters the tube. A flame is seen to run down the tube. 
It IS now shaken, when dense white fumes of ammonium chloride are 
formed. More ammonia solution is passed in, and the tube is again shaken. 
Finally the funnel is rinsed out, and some weak sulphuric acid is passed 
into the tube, to combine with the excess of ammonia. On placing the tube in 
a jar of water, opening the lower stopcock, and equalising levels, it is seen that 
the remaining nitrogen occupies one-third of the volume originally occupied by 
the chlorine. Hut, as equal volumes of chlorine and hydrogen combine to form 
hydrogen chloride, it is evident that the three volumes of chlorine must cor- 
respond to three volumes of hydrogen: hence, for every three volumes of 
hydrogen in ammonia, one volume of nitrogen is present. 

3. To show that, on decomposing ammonia by heat, the resultant gases occupy 
twice the volume of their compound. — Pass electric sparks from a RuhmkorfF’s 
coil through ammonia contained in a tube standing in a mercury trough. The 
ammonia will be completely decomposed in about three-quarters of an hour, 
and it will be seen that its volume has doubled (Fig. 50). 


Fig. 50. 



It is thus shown that two volumes of ammonia when decom- 
posed yield a mixture consisting of three volumes of hydrogen 
with one of nitrogen. And it may be concluded, conversely, that 
if combination could be induced between nitrogen and hydrogen, 
one volume of the former would unite with three of the latter, to 
produce two volumes of ammonia. 
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It may also be shown by weighing a vacuous flask of known 
volume, filling it with ammonia, and weighing again, that ammonia 
is 8 5 times as heavy as hydrogen. This corresponds to a mole- 
cgilar weight of 17, implying the formula NH3, 

The formulae of phosphine has been deduced from analysis, 
and from its density ; that of arsine from analogy, and that of 
stibine from the formula of the compound it forms, AgsSb, when 
passed into a solution of silver nitrate. 

Compounds of hydrogen nitride, phosphide, arsenide, 
and antimonide. The halogen substitution compounds of am- 
monia have already been described on p. 158. Analogous to 
NHgCl, which may be named monochloramine, is the compound — 

Hydroxylamine, NH 2 OH * — It is produced by the reduction 
of nitric oxide or nitric acid by means of nascent hydrogen, gene- 
rated by the action of hydrochloric acid on tin, zinc, cadmium, 
aluminium, or magnesium. To prepare it, nitric oxide is passed 
through a mixture of tin and hydrochloric acid, to which a few 
drops of chloride of platinum have been added, to promote galvanic 
action and facilitate the evolution of the hydrogen. The solution 
then contains stannous chloride, SnCU, and hydroxylamine hydro- 
chloride, NH2.OH.HCl. The tin is removed as sulphide, SnS, by 
the passage of hydrogen sulphide through the solution. The 
flltrate from the sulphide is evaporated to dryness, and extracted 
with absolute alcohol, in which ammonium chloride, also produced 
by reduction of the nitric oxide, is insoluble, but in which hydr- 
oxylamine hydrochloride dissolves. On filtering from the undis- 
wsolved ammonium chloride, and again evaporating to dryness, 
hydroxylamine hydrochloride remains as a white crystalline mass. 

From the hydrochloride, the sulphate is produced by evapora- 
tion with weak sulphuric acid ; and from a solution of the sulphate 
hydroxylamine may be liberated by addition of the requisite 
amount of baryta-water. 

If the solution is distilled, a considerable portion of the hydr- 
oxylamine passes over with the steam, but most of it is decomposed 
thus : — ZNH 2 OH = AHa -f A2 -h SHaO. The heat of formation of 
hydroxylamine is: — 3iV^ -f- H -j- 0 + Aq = NHaO.Aq 181 K. 
(Thomsen gives + 243 K). 

Hydroxylamine is a powerful reducing agent. When added to 
solutions of salts of silver or mercury, the metals are precipitated ; 
and when boiled with copper sulphate, cuprous oxide, CUgO, is 
thrown down. 

• CAem. 80 c,, 43, 443 ; 47, 71 ; 61, 60, 659. 
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The following salts of hydroxylamine have been prepared : — NH^OH.HOl ; 
2NH.2OH HOI ; 3NH2OH.HOI ; NH2OH.HNO3 ; 2HH2OH.H2SO4 ; 
3NH3OH.H3PO4 ; 2KH2OH.H2C3O4 (oxalate). Some double salts have also 
been prepared, which in crystalline form resemble those of ammonium, 
e..( 7 ., (NH20H).HA1(S04)2.12H20 ; (NH20H).H0r(S04)2.12H20 ; arfi 

(KH20H).HFe(S04).12H20 ; corresponding to the alums; and 
(NH20H)2 H2S04.M8rS04 6H2O, corresponding to the double sulphates of dyad 
metals (see pp. 426 and 428 ). 

The constitution of hydroxylamine is doubtless H 2 N — OH. 

No similar compound of phosphorus is known ; but attention 
may be directed to hypophosphorous acid, the oxidised analogue of 
/H 

hydroxylamine, 0=P^H (p. 380) ; and the somewhat analo- 

gous constitution of hyponitrous acid, 0=N — H (see p. 344). 
Phosphorous and nitrous acids may also be compared (see pp. 337 
and 345). Arsenic and antimony do not form similar combina- 
tions; but these bodies may be compared with 0=A8 — Cl, 
0=Bi — Cl, described on pp. 384, 385. 

Amldo-compounds or amines. — As the group named hydr- 
oxyl, — OH, may be regarded as capable of entering into combina- 
tion with the elements, forming hydroxides and acids; so the 
group — NHa, named the amido-group or amine” enters 
into similar combinations. And such compounds may be regarded 
as substituted ammonia, just as the hydroxides and acids may be 
viewed as substituted water. Thus we have Na — OH, sodium 
hydroxide, to which corresponds Na — NH 2 , sodamide ; and 

OH NH 

Zn<^Qg-, zinc hydroxide, with its analogue zinc- 

amide. But few of these simpler compounds are known ; because 
the nitrogen still retains its power of combining with haloid and 
other acids to form salts. Such bodies are so numerous that only 
an incomplete sketch can be given here. Wo shall begin with the 
simpler compounds, considering the salts subsequently. 

Simple compounds : — 

NaNHa; KNHa; 2n(HH2)2; ZnPH; P(NH2)s. 

Sodamide and potassamide’* are produced by passing am- 
monia over gently heated sodium or potassium. They are olive- 
green substances, transmitting brown light when in thin scales. 
They melt a little above 100°, and when heated to dull redness 


* Annalen^ 108 , 88. 
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give nitride of potassinm or sodium, K3N or Na^sN, and ammonia. 
With water they yield hydroxide and ammonia, thus establishing 
their constitution; thus; KNH2 -b H.OH = KOH H- 

Zinc-amide, ♦ Zn(NH2)2, is a white powder, insoluble in 
ether, produced along with methane or ethane by treating zinc- 
methyl or zinc-ethyl with ammonia. When heated to redness it 
yields the nitride, Zn3N2. The compound ZnPH forms a yellow 
mass; it is produced by passing a current of phosphine into 
zinc-ethyl, Zn(C2H6)2. 

Phosphorosamide, P(NH2)3, appears to be produced by the 
action of ammonia on phosphorus trichloride, PCI3, thus ; — PCI3 + 
3HNH2 = P(NH2)3 + 3 HCI. The hydrogen chloride combines 
with the excess of ammonia, forming ammonium chloride, from 
which the phosphorosamide has not been separated. The mixture 
is a white crystalline mass. 

The carbon compound, 0(^112)4, appears incapable of exis- 
tence; a body differing from it by the elements of ammonia is 
however known; it is named guanidine, and its formula is 

HN=C(NH2)2. 

Double compounds. — Halides, and, generally speaking, salts 
of such amides, are formed by the action of ammonia on most com- 
pounds of the metals ; but here a difficulty in classification meets 
us, for a considerable number of molecules of ammonia very fre- 
quently add themselves to such coJtipounds, and it is at present as 
impossible in many cases to assign reasonable constitutional for- 
mulas to such bodies, as it is to understand in what manner of 
combination water of crystallisation exists in salts which contain 
it. We shall, therefore, assume that, where it appears reasonable 
to suppose so, an amide is formed ; and any further molecules of 
ammonia which add themselves on to such compounds will often 
be represented as if they were merely additive molecules. At the 
same time there are compounds, such as those of cobalt and of 
platinum, where such additive molecules of ammonia appear to 
form an essential portion of the total molecule. Where such is the 
case, attention will be drawn to the fact. 

The elements will, as usual, be considered in their periodic 
order. 

NH4C1.3N^3; NH 4 OI. 6 NH 3 J NH4Br.3NH8. 

The 6 rst of these melts at 7 °, the second at — 18 °. They are 
produced by heating ammonium chloride with excess of ammonia, 
and allowing it to cool in contact with the gas.f The compound 

^ Annalen, 134, 52. t Com^tea rend.^ 88, 578. 
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NH4lSr03.3NH3 is also formed by direct union, ammonimit nitrate 
liquefying in contact with dry ammonia.’’*' 

Ca(NH2)2.2H01.6NH3 and Sr(NH2)2.2HC1.6NH3. 

White substances produced by saturating calcium or strontium 
chloride with ammonia. When warmed the original constituents 
are re-formed. The corresponding barium compound is unknown. 

ClZn(NH 2 ).HCl; HO.CO.O.Zn(NH 2 ) ; HO.S 02 Zn(NH 2 ).~- 

Zn(NH2)2.2HCl; Cd(NH2)2.2HCl ; Zn(NH2)2.2HC1.2 and 3NH3; 

Zn(NH2)2.2HI.2and3NH3; Zn(NH 2 ) 2 .H 2 S 04 .H 20 ; Zn(NH 2 ) 2 .H 2 S 203 ; 

Zn(NH2)2.H2S04.2 and 3NH3.4H2O ; Cd(NH2)2.H2Cr04.2NH3 ; 

3(Zn(NH2)2.2HI03).2NH3 ; 2Zn(NH2)2.Zn(0H)2.12H20 j 

2 (Zn (NH.) 2 . H 4 P 2 O 7 ) Zn (OH) 2 . 8 H 2 O. 

These compounds are all made by treating the respective salts 
with ammonia. 

BP 3 . 3 NH 3 ; BF 3 . 2 NH 3 ; BF 3 .NH 3 . 

Produced by the action of dry ammonia on boron trifluoride, 
BF3. The last of these might be written BN.3HF. But boron 
nitride, BN, when treated with aqueous hydrofluoric acid, yields 
BF3.NH4F, ammonium borofluoride, which, it may be supposed, is 
not BN.4HF. The formula is more probably F2B(NH2)HF. It 
may be volatilised without decomposition. The formula of the 
second may be written FB(NH2)2.2HF, and of the first 
B(NH2)3.3HF. The first and second, when heated, lose ammonia, 
leaving the third. Boron chloride, BCI3, is said to yield 2BCI3.3NH3, 
which may possibly be a mixture of C1B(NH2)2.2HC1 and 
Cl2B(NH2).HCl. 

Compounds of scandium, yttrium, and lanthanum have not 
been examined. 

The compounds of aluminium are similar to those of boron, 
A1(NH2)3.3HC1 and C1A.1(NH2)2.2HC1 having been prepared. 
It is interesting to note a similar compound of aluminium chloride 
with phosphuretted hydrogen, 3AICI3.PH3. Compounds of gal- 
lium and indium have not been examined. But thallium tri- 
chloride reacts with ammonia in presence of ammonium chloride, 
giving a dense white precipitate of the trihydrochloride of 
thallamide, T1(NH2)3.3HC1. 

The chromium compounds are somewhat complex. Chro- 
mium hydrate, digested with ammonium chloride and ammonia, 
dissolves with a deep red colour ; and on exposing the solution to 
air, a violet powder precipitates ; this powder dissolves in hydro- 

• Proo, Roy, Soc., 21, 1091 j Comptes rend.^ 94, 1117. 
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^chloric ajcid, forming the salt CrCl,.4NH3.HaO. This compound 
might be regarded as Cr(NH2)v3HCl.NH3.H20 ; but while it loses 
its water of crystallisation at 100°, ammonia is retained up to 200°, 
which would lead to the conclusion that even the fourth molecule 
is^ in intimate relation to the chromium. These compounds may 
be supposed to contain the group — (NaHs) — , or — NHs — NH 2 — , a 
group which may be named the diamido-group ; it might, perhaps, 
preferably be termed the ammonium-amido-group. 

Such a supposition would bring such compounds into con- 
formity with those of cobalt and of other elements ; but the 
heptamines cannot be classified thus, unless a further condensation 
of the ammonia molecule is supposed possible. 

There are five series of these compounds : the triamines, the 
tetramines, the pentamines, the hexamines, and the hept- 
amines. 

Of the triamines, the oxalate, Cr2O3.3C2O3.6NH3.3H2O, has been prepared. 
Of the tetramines, the compound CrCl3.4NH3.H2O is an example ; the bromide, 
CrBr3.4NH3.H2O ; the iodide, CrI3.4NH3.H2O ; the chlorodibromide, 
CrClBr2.4NH3.H2O ; the dichlorobromide, CrBr2Cl.4NH3.H2O ; the chlorodi- 
iodide, CrClI2.4NH3.H2O; the bromosulphate, CrBr(S04).4NH3.H20; the 
chlorochromate, CrCl(Cr04).4NH3.H20, and the chloronitrate, 
CrCl(N03)2.4NH3.H20, 

have been prepared. They have a deep red colour. 

The starting point for the pentamines is chromous chloride, 
CrCl 2 , produced by the action of hydrogen on red-hot chromic 
chloride, CrCla (see p. 138). It is added to a solution of ammo- 
nium chloride in strong ammonia, in which it dissolves with a 
blue colour. Air is then passed through the liquid until oxidation 
is complete. Excess of hydrochloric acid is added, and the 
mixture is boiled, when the hydrochloride of the pentamine is 
precipitated. It is purified by solution in weak sulphuric acid, 
and filtering into a large excess of strong hydrochloric acid, 
washing with water and alcohol, and drying in air. Its formula 
is CrCla.SNHs. It is a red crystalline powder. Numerous salts 
have been obtained, the composition of all of which is analogous 
to that of the chloride. These bodies have been named purpureo- 
chromium compounds. 

If, instead of treating with hydrochloric acid, dilute hydro- 
bromic acid be used, the hydroxy bromide of the dipentamine, 
HO- -CrgBrg.lONHj.HaO, crystallises out in carmine needles. On 
digestion with hydrochloric acid, the chloride is formed, from 
which, by suitable means, other salts can be prepared. They all 
crystallise well, and have a carmiue-red colour. On treatment 



628 


THE NITKIDES, PHOSPHIDES, ETC. 


with silver hydroxide, the chloride yields the hydroxido, a bine 
solution, which rapidly changes to red. These hydroxy-derivatives 
have been named rhodochromium salts. Isomeric with these 
are the erythrochromium compounds, produced by digesting 
the former with dilute ammonia. While solutions of the former 
have a blue colour, the latter are red. 

The roseochromium compounds, containing two hydroxyl- 
groups, are produced by precipitating purpureo- compounds with 
sodium dithionate after boiling with dilute ammonia. 

By digesting roseo- or purpureo-salts with ammonia in a close 
vessel, luteo- salts are produced, in which six molecules of 
ammonia are in combination with chromium trichloride. 

Two heptamines have also been prepared as double salts. It 
should be stated that these formulae are usually doubled, chromium 
trichloride being assumed to have a molecular weight corre- 
sponding to the formula Cr 2 Cla ; but, with respect to this view, see 
the statements on p. 505. 

Supposing the halogen compounds of all these amines to exist, 
and the atom of halogen to be represented by X, the chromamines 
may be classified as follows : — 

Trlamines : CrXa.SNHa, possibly Cr(NH2)8.3HX. 

Tetramines : Or X3.4NH8, possibly Or (NH2)2.(N2H6).8HX. 

Pentamines : CrXg.SNHs (purpureo-chromic compounds) j possibly 
Cr(NH2)(N2H6)2.3HX. 

Hydroxydipentamines : Cr2X6(OH).10NH3 (rbodo- and ery thro -chromic 
compounds) . 

Hydrox3rpeiitamine8 : OrX 2 (OH). 5 NH 3 . 

Hexamines : CrX3.6NH'3; possibly Or (N 205)8- 3 B!X. 

Heptamines: CrX3.7NH3. 

Ferric chloride combines with dry ammonia to form 
PeCla.NHj, or Cl 2 =Pe(NH 2 ).HCl, a red mass, volatilising 
when heated, leaving a residue of ferrous chloride. 

The manganamines have not been .examined. 

Cobaltamines. — These compounds closely resemble the 
chromamines. They fall into the following classes : — 

Diamines : C0X3.2NH3. 

Priamines : C0X3.3NB3J also CoCl3 2Nir3.X02H. 

Tetramines: C0X3.4NH3; also CoX(N02)2.4NH3, and Co20(N02)4.8NH8. 

Pentamines: C0X3.5NH8; also CoX(N02)2.6NH3 and €0X2(002). SNHg. 

Hexamines: O0X8.6NH3. 

Diamines. — These are prepared from the pentamines (purpureo- 
cobaltamines (see below) by adding a solution of hydrogen 
ammonium sulphite, HNHiSOa, until the liquid smells of sulphur 
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dioxide. • Sparingly soluble brown octabedra of the sulphite, 
Co,(S 03 ) 3 . 4 NH,. 5 HjO, are deposited. In this case the sulphite is 
the only salt known. 

• Triamines. — If more free ammonia be present, and if the 
addition of hydrogen ammonium sulphite is stopped as soon as 
the smell of ammonia disappears, insoluble yellow needles of the 
triamine sulphite, Co2(S03)3.6NH3.H20, are deposited. Here, 
again, other salts have not been prepared. 

A series of compounds, in which one molecule of ammonia of 
the triamines is replaced by the group HNO2, nitrous acid, are 
formed by the action of ammonium nitrite on neutral ammoniacal 
solutions of cobalt salts. The salt C 0 (N 02 ) 3 . 2 NH 3 .NH 4 N 02 
crystallises out ; and the ammonium group is replaceable by 
other metals. Thus the salts Co(N 03 ) 3 . 2 NH 3 .T 1 N 03 and 
Co(N03)3.2NH3.Hg'N03 and others have been prepared by preci- 
pitation, the groups NH4NO2, TINO2, HgN02, &c., being substi- 
tuted for one molecule of ammonia, while the three groups of NO2 
are in combination with the cobalt. These may also be regarded 
as ammoniacal double nitrites of cobalt and ammonium, &c. 

Tetramines. — These substances are known as fuscocobalt- 
amines. They are produced by the action of water on the oxycobalt- 
amines, which are also tetramines. The nitrate has the formula 
Co 30(N03)4.8NH3 ; the chloride, CO2OCI4.8NH3, &c. The croceo- 
cobaltamines are closely allied to the fuscocobaltamines ; they 
are produced by the action of nitrites on ammoniacal solutions of 
cobalt salts. The nitrate, Co(N02)2.(N03).4NH3, forms sparingly 
soluble sherry-coloured crystals. It is produced by mixing a 
solution of cobalt chloride with ammonium nitrite, and then 
adding a solution of ammonium nitrate containing much ammonia; 
the equation showing its formation is 

2CoCl2.Aq + 2NH4N03Aq + GNHa.Aq -f 4]SrH4N02.Aq + 0 = 

4NH4Cl.Aq -f H 2 O + 2{Co(N02)2N03.4NH3}. 

The sulphate is similarly prepared from cobalt sulphate, ammonia, 
and potassium nitrate. The chloride, iodide, chromate, and di- 
chromate have been prepared. A tri-iodide is also known ; 

Co(N02)2.l3.4NH3. 

It appears possible for the ammonia in the tetramine to 
exchange with the group NO2. By acting on cobalt chloride with 
potassium nitrite in presence . of a large excess of ammonium 
chloride, the body Co(NH3)2C1.4N03 is produced. It will be 

2 M 
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observed that this formiila is strictly analogous to th^t of the 
croceocobaltamines, Co(NO 02 C 1 . 4 NH 3 . 

Pentamines. — There are two isomeric series of pentamines: the 
roseocobaltamines and the purpureocobaltamines. The for- 
mula of both is CoXa.SN’Ha. The first are produced by exposing a 
brown ammoniacal solution of cobalt sulphate, C0SO4, to air, 
when it turns cherry-red, and deposits a brownish-black powder. 
On addition of hydrochloric acid, care being taken to keep the 
mixture cold, a brick-red powder is precipitated, which is collected, 
and washed, first with strong hydrochloric acid, then with ice-cold 
water. The formula of this substance is CoCl3.5NH3.H2O. The 
nitrate is similarly prepared, and is a yellow precipitate. The 
sulphate and other salts have been obtained. From the sulphate, 
by addition of solution of barium hydroxide, an alkaline liquid is 
produced, probably containing the hydroxide; it absorbs carbon 
dioxide from the air, and from it other salts may be produced. 
The roseocobaltamines all contain water of crystallisation. 

By allowing the temperature to rise during the neutralisation 
of an ammoniacal solution of cobalt sulphate with hydrochloric 
acid, violet-red anhydrous prisms of purpureocobaltamine 
chloride, C0CI3.5NH3, are deposited. The same compound is 
produced by heating fuscocobaltamine chloride, C0CI3.4NH3, in a 
sealed tube with aqueous ammonia. The nitrate, acid sulphate, 
chromate, and pyrophosphate, and other salts have been prepared ; 
the hydroxide and sulphite are also known. The purpureocobalt- 
amines are all anhydrous. 

Closely connected with these are the xanthocobaltamines, in 
which one atom of chlorine is replaced by one molecule of the 
nitro-group, NO2, thus : — Co(N02)Cl2.5NH3. They are produced 
by mixing cobalt nitrate with excess of an alcoholic solution of 
ammonia, and passing in a mixture of nitric oxide and peroxide, 
produced by the action of nitric acid on starch, care being taken 
to keep the mixture cold. Yellow-brown prisms of 
Co(N02)(N03)2.5NH3 

are deposited. The sulphate is similarly prepared, and from it 
the chloride, hydroxide, and carbonate have been made. The 
xanthocobaltamines, when digested with hydrochloric acid and 
ammonium chloride, lose the nitro-group, which is replaced by 
chlorine ; the purpureocobaltamine is formed, C0CI3.5NH3. 

The flavocobaltamines are similar to the xanthocobaltamines, 
but in these two atoms of chlorine are replaced by two nitro- 
groups. They are produced by treating a purpureocobaltamine, 
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e,g,^ CoC 1*^.5NH3, witli potassium nitrite, and adding a little acetic 
acid. The formula of the chloride is Co(N 02)201.5NH8. The 
nitrate, iodide, and other salts have been prepared. 

^The trinitropentamine, Co(N02)3.5NH3, is produced by 
treating the trichloropentamine, G0CI3.5NH3 (purpureocobalt- 
amine) with silver nitrite. It forms brown-orange octahedra. 

Hexamines. — These are named luteocobaltamlnes. The 
chloride, C0CI3.6NH3, is formed by digesting cobalt chloride with 
solid ammonium chloride and ammonia. On shaking, the liquid 
turns brown. Lead or manganese dioxide is then added, and 
after heating, the liquid is filtered and saturated with hydrogen 
chloride ; yellow-brown crystals are deposited. The bromide, 
iodide, carbonate, nitrate, pyrophosphate (insoluble), phosphate, and 
sulphate are among the salts which have been prepared. 

Derivatives of the unknown chloride C0CI4 have also been 
obtained as pentamines. The general formula of these bodies is 
Co^^OX 2.5NH3* They are formed by direct oxidation of ammoniacal 
cobalt solutions. They are decomposed by water, with evolution 
of oxygen, and formation of the usual pentamines (purpureo- 
cobaltamines). They form olive-brown crystals. 


Here, again, the usual formulae have been halved ; for there 
appears to be no valid reason for supposing that the formula of 
cobalt trichloride is C02CI6 in preference to C0CI3. Where the 
actual molecular weight is unknown, preference is always given to 
the simplest formulae. The additive formulae given, however, 
certainly do not express the constitution of these bodies. But it 
is possible to represent them all as derivatives of ammonia, 
NH3, if it can be supposed that a di-ammonia is capable of 
existence, — NH3 — H3N — , a reasonable enough supposition, inas- 
much as ammonia can combine directly with hydrogen halides to 
form bodies such as H — NH3 — Cl. If this be granted, then, the 
formulae of the cobaltamines may be thus represented : — 


Biamines : — Cl — Co(NH2)2-2HCl. 
Triamines : — Co(NH2)3.3HCl. 

Tetramines : — Cl — Co(NH 3 — NEr2)2-2HCl. 
Pentamines:— NH2 —Co(NH 3.NH2)2.3HC1. 
Hexamines : — Co(NH3.NH2)3.3HCl. 


Or, again, it may be supposed that they are thus constituted : — 


Cl-Co< 


PI 


2 M 2 
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&c., the group — NH2<^ having the power of combination with the 
monad element chlorine* and with the monad group (!N’H4). But 
these formulae are speculative and have little to support them. 

Chromosamines, derivatives of CrX2, are unknown. ^ 

Ferrosamines, manganosamines, cobaltosamines, and nickelos- 
amines have been prepared. They are as follows : — 

FeCl2.6NH3j FegPaOy.NHg.— MnCl2.6NH3(?) ; M11SO4.4NH3 (?). 

NiCl2.6NH3; NiBr2.6NH3; Nil2.4NH3; Nila.GNHg. 

Ni(N03)2.4NH3.H20 ; Ni(N02)2.4 and 6NH3; Ni(Br03)2.2NH3 ; 

Ni(I03)2.4NH3; NiSO4.4NH3.2H2O; 2NiSO4.lONH3.7H2O; 

NiS04.6NH3; NiS2O3.4NH3.6H2O; NiSaOg.NHg. 

These salts are all crystalline, and are produced by direct 
addition. 

One of the amido- compounds of carbon has already been 
mentioned (see Ouanidine^jt. 525 ). Others are known in which one 
or more of the hydrogen atoms of the hydrocarbons is replaced by 
the amido-group. Thus we have methylamine, CHi.NHz, di- 
methylamine, (GH^)2NH, and trimethylamine, all 

forming salts resembling those of ammonium. Here, too, similar 
phosphines are met with, viz., CH3.PH2, and 

(ClIs)3Py monomethyl, dimethyl, and trimethyl phosphines, 
respectively, as well as many others, in which ethyl, propyl, and 
other paraffin radicles replace the hydrogen of phosphoretted 
hydrogen. Similar derivatives are known of arsine, but in this 
case hydrogen is no longer in combination with the arsenic, but 
chlorine, oxygen, sulphur, &c. For example, we know the com- 
pounds : — CH3ASCI2 ; (CH3)2 AsC 1 ; (CH3)aAs ; and these bodies, 
and similar compounds containing oxygen, such as CHgAsO, or 
sulphur, CHgAsS, &c., have the power of combining with other two 
atoms of chlorine, or with another atom of ox;ygen forming such 
compounds as CH3ASCI4, (CH3)2A8Cl3, (CH3)3A8Cl2, (CH)4A8C1, 
and even (CH3)6As. The last of these compounds is specially 
interesting as a representative of the unknown HH5. 

The stibines, derivatives of SbHs, are similarly constituted ; 
but for detailed accounts of these bodies a treatise on carbon 
compounds must be consulted. 

Corresponding to guanidine, C(NH)"(NH2)2, is — 

Carbamide, or urea, CO(NH2)2, which may be regarded as 
carbonic acid, the hydroxyl-groups of which have been replaced 
by amido-groups. It exists in urine (from 2 to 3 per cent.), and 
is the form in which most of the nitrogen consumed in food is 
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eliminated from the organism. It may be separated from urine 
after evaporation, to about one quarter of its original volume by 
addition of nitric acid, which precipitates the sparingly soluble 
nitrate. From the nitrate, carbamide may be separated by addition 
of the requisite amount of potassium hydroxide, evaporation to 
dryness, and extraction with alcohol, from which it crystallises on 
cooling in white prisms. 

It may also be produced by treating carbonyl chloride, COCb, 
with ammonia, thus: — GOGk + 2HNH2 = CO(NH2)2 + 2 HCI; 
also by heating solutions of ammonium carbonate or carbamate to 
140—150° in sealed tubes i—OOCONHOa = COCNHa)* + 2H2O ; 
NH2— C0(0NH4) = C0(NH2)2 + H2O. Urea unites with acids ; 
thus the hydrochloride has the formula CO(NH2)2.H01 ; the nitrate 
C0(NH2)2.HN03. It is decomposed by a solution of potassium 
hypochlorite or hypobromite, thus : — CO(NH2)2.Aq -f SKBrO.Aq 
= 3KBr.Aq + OO2 -h 2H2O + N2. By measuring the volume 
of nitrogen liberated, the amount of urea in such a liquid as urine 
may be estimated. 

Sulphocarbamide^ CS(NH2)2, resembles carbamide. 

HO — CO — NH2, or carbamic acid, is unknown in the free 
state. Its ammoniuizi salt is produced by the union of one 
volume of carbon dioxide with two volumes of ammonia, thus : — 
GO2 + 2 Nm = NH4O.CO.NH2, or by digesting a strong solution 
of ammonium carbonate witli saturated aqueous ammonia. It is 
completely decomposed at 60° into its constituents. The follow- 
ing salts of the acid have been prepared : — 

NaO.CO.NH2; KO.CO.NH2; Ca(O.CO.NH2)2; Sr(O.CO.NH2)2; 
Ba(O.CO.NH2)2. 

Those of calcium, strontium, and barium are soluble, thus dif- 
fering from the carbonates. 

Carbamates are attacked by hypobromites, but not by hypo- 
chlorites ; they may be thus distinguished from ammonium carbo- 
nate, which is decomposed by both. 

The hydrochlorides of titanamine, Ti(NH2)4.4HCl, and of 
zirconamine, Zr(NH2)4,4HCl, are produced by heating the 
chlorides in a current of ammonia gas. They form white deli- 
quescent crystals. 

Difluosilicamine dihydrofluoride, F2=Si(NH2)2.2HF ; 
iodostannamine trihydriodide, I — Sn(NH2)3.3HI, and the com- 
pounds Sn(NH2)4.4HI and Snl4.6NH3, are all produced by 
direct addition. The monophosphine of stannic chloride, 
Cl3Sn(PH2).HCl, and probably the monamine are also known. 
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The known stannons componnds are SnOl2.3NH3; SfLl2.4NH3; 
and also the plumbous compound, Pbl2.2NH3, The hydroxide, 
Pb(OH)2.2NH3, has «lso been prepared, and a chloride of the 
formula 2PbCl2.3NH3. ^ 

Vanadium trichloride combines with ammonia ; niobium and 
tantalum chlorides have not been examined in this respect. 

Phosphorus triamide has already been described. 

The acids of phosphorus, also, form compounds in which the 
amido-group replaces hydroxyl, more or less completely. They are 
as follows : — 

Orthophosphamide, PO(NH2)3, is produced by the action of 
dry ammonia gas on phosphoryl chloride, thus : — POCI3 -f SHNHi 
= P0(NH2)3 + 3HC1. The excess of ammonia combines with the 
hydrogen chloride, forming ammonium chloride, which is removed 
by washing with water, in which phosphamide is insoluble. It is a 
white powder, not acted on by boiling water, but decomposed by hot 
sulphuric acid into ammonium sulphate and phosphoric acid. A 
similar body, sulphophosphamide, PS(NH2)3, is obtainable from 
sulphophosphoryl chloride, PSCI3. 

When heated, phosphamide gives rise to substances containing 
less nitrogen, and corresponding to the anhydrophosphoric acids, 
so far as the analogy between the amido-gronp and hydroxyl will 
permit. Phosphorylamide-imide (the group =NH is named 
the “ imido-group ’*) and phospUoryl nitride, thus produced, are 
white insoluble powders. These three bodies have the formulce 
0=P.(NH2)3; NH=( 0 P) — NHg; and N~(OP), the first two 
of which correspond to 0=P(0H)3, and 0 =( 0 P) — OH. 

Orthcphospbamic acid is unknown ; but its sulphur ana- 
logue, PS(NH 2 )( 0 H) 2 , is produced by treating sulphophosphoryl 
chloride, PSCla, with strong aqueous ammonia. It forms soluble 
salts. The anhydride of phosphamic acid, in which two hydroxyl- 
groups are replaced by the imido-group, ISTH, may be termed 
phosphimic acid. Its formula is 0 (NH)"P( 0 H). It is a pasty 
soluble mass, produced by the action of dry ammonia on phos- 
phoric anhydride, thus : — 

P2O5 -f- 2 NH, = 20 (NH)P( 0 H) -f- H2O. 

It is monobasic, and forms white crystalline salts, of which those 
of sodium, potassium, ammonium, calcium, ferrous, manganous, 
nickel, cadmium, zinc, lead, silver, and mercury have been prepared. 
This acid may be regarded as metaphosphoric acid, 02P(OH), with 
one atom of oxygen replaced by the imido-group, (NH)". 
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Phos^hodiamic acid, 0P(NH2)2.0H, is also unknown, but its 
sulphur analogue, SP(NH2)2.0H, is produced by treating sulpbo- 
chloride of phosphorus with ammonia, and digesting the resulting 
solid product with water. It may be supposed that the inter- 
mediate body S.PC1(NH2)2 is formed. The free acid has not been 
obtained, but its zinc, lead, copper, and silver salts are insoluble 
precipitates, and establish its formula. 

Pyrophosphamic acids are also known, and correspond to 
pyrophosphoric acid, P203(0H)4, in which one, two, three, or four 
hydroxyl-groups are replaced by the amido-group. 

Pyrophosphamic acid, P203(NH3)(0H)3, is produced by 
heating a solution of pyrophosphodiamic acid (see below); the 
amido-group of the latter is exchanged for hydroxyl, thus : — 

P 203 (NH 2 ) 2 ( 0 H )2 -f- H.OH = P 203 (NH 2 )( 0 H )3 + HNH^. 

Pyrophosphodiamic acid, P203(NH2)2(0H)2, is produced by 
adding phosphoryl chloride, POCh, to a cold saturated solution of am- 
monia, thus : — 2POCI3 + 2NH3.Aq -j- 3H2O = P203(NH2)2(0H)2.Aq 

GHCl.Aq. It is also formed by boiling phosphoryl amide- 
imide, PO(NH)(NH 2), with dilute sulphuric acid, thus : — 
2P0(NH)(NH2) -h H2S04.Aq + 3 H 2 O = P203(NH2)2(0H)2.Aq -f 
NH4)2S04.Aq. It is soluble in water, yielding salts. 

Pyrophosphotriamic acid should have the formula 
P203(N 112)3(011), and should, therefore, be a monobasic acid. But 
the body of that formula is tetrabasic, and hence is more probably 
tri-imido-pyrophosphoric acid, P2(NH) "3(011)4. It is produced 
by the action of ammonia on phosphoryl chloride, with subsequent 
treatment with water, thus : — 2POCI3 + ONHs.Aq -h 2H2O = 
P 2 (NH) 3 ( 0 H )4 + 6NH4Cl,Aq. It is a white, amorphous, sparingly- 
soluble powder, forming salts ; those of potassium and ammonium 
are monobasic, thus : — P3(NH)3(0H)3(0K) ; they are white and 
insoluble. Mono-, di-, and tri-basic lead salts have been prepared, 
and a tetrabasic mercuric salt. 

Other more complex compounds, probably amido-derivatives of 
still more condensed phosphoric acids, are produced by the action 
of ammonia on phosphoryl chloride. Among them are P 4 N 60 iiHn ; 
PiNiOtfHio ; and P 4 N 5 O 7 H 9 . 

Closely connected with these bodies is phospham, PNaH, 
produced by the action of ammonia on phosphoric chloride, 
pels. The intermediate product is phosphorus trichlorodiamide, 
PCl 3 (NH 2 ) 2 , which when heated evolves hydrogen chloride, thus ; — 
PClaCNH,), = PNjH ■f SHGL The constitution of phospham 
may be taken as N=P=(NH). It is a white insoluble powder, 
unattacked hy chlorine or by sulphur gas. If boiled with alkalies. 
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it yields a phosphate and ammonia, thus : — N— P==(NH^ + OH2 
+ 3H— OK.Aq = 0=P(0K)3.Aq -f 

Phosphorus trichloride, similarly treated with ammonia, yields, 
as has been mentioned on p. 525, phosphorus triamide, P(NH2)3, 
a white mass. When heated out of contact with air, a whitish- 
yellow residue is left, probably containing(HN)=P(NH2) and P=N. 

Compounds are produced by treating halides of arsenic, anti- 
mony, and bismuth with ammonia. They have not been ex- 
haustively studied ; but the following are known : — 

2ASCI3.7NH3; 2ASI3.9NH3; AS2CINH6O4; SbCl3.NH3; SbClg.eNHa; 

2BiOl3.NH3; BiCl3.2NH3; BiCla.SNHg; BiBr3.2NH3; 2BiBr3.5NH3; 

BiBr3.2KH3. 

These compounds are all formed by direct addition. The body 
As2ClNHe04 is produced by the action of water on the amine 
2A8CI3.7NH3, and it appears possible that their constitution is 
closely related. Perhaps the formlsB may be adopted : — 

. ^(NH2)3.2HC1 
f®>NH .2NH4CI and 

^®^(NH2)2.2HC1 

The formulsa of the remaining compounds are easily repre- 
sented as chloramine hydrochlorides, with the exception of 
2ASI3.9NH3, which requires further investigation. 

Amido-compounds of molybdenum are unknown. The action 
of ammonia at a high temperature on the chloride yields the 
nitride, MO3N2, as a grey powder. 

Complicated compounds are produced by the action of am- 
monia on tungsten hexachloride. One of these compounds is 
said to have the formula W7N8O4H4 ; another, WsNeOsHa ; a third, 
W2N2O3; while W2N3 is formed from WO2CI2, and also from WCh. 
As regards the constitution of these bodies, no conclusions can be 
suggested until they are further investigated. 

Uranium tetrachloride absorbs ammonia, producing 

3UCI4.4NH3. 

Sulphur dichloride, treated with ammonia gas, yields the 
compounds S(NH2)2.2HC1 and SCI2.4NH3 ; disulphur-dichloride, 
S2CI2, yields S2CI2.4NH3. They are fairly stable crystalline 
bodies. No similar compounds of selenium have been pro- 
duced ; but tellurium tetrachloride, TeCl4, with ammonia yields 
Te(NH2)4.4HCl. 

Compounds containing oxygen have been more closely ex- 


/NH2.HCI 

As^OH 

A8<(0H)2 
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amined. * Sulphurosyl chloride, SOCh, with ammonia yields 
sulphurosamine, SO(NH 2 ) 2 , and hydrogen chloride. It is notice- 
able that with compounds of phosphorus and sulphur the basic 
cjiaracter of the amido-group appears to be neutralised by the 
acid functions of the groups (SO)" or (PO)'" ; hence the hydro- 
chlorides are not formed, but hydrogen chloride is liberated. Such 
alteration in the functions of an amide, produced by the entry of 
groups, which, when combined with water, give rise to acids, is 
of common occurrence among the amido-derivatives of the carbon 
compounds. 

Sulphur dioxide mixed with its own volume of ammonia yields 
snlphurosamic acid, HO — (SO) — NH2; and with twice its volume 
of ammonia, ammonium sulphurosamate, NH4O — (SO) — NH2, is 
produced. No other compounds of this acid have been prepared. 

Sulphuryl chloride, SO 2 CI 2 , with ammonia, does not yield 
sulphuramine, S 02 (NH 2 ) 2 , as might be expected, but the reac- 
tion takes place with formation of ammonium sulphamate, 
NH2— (SOa)— ONH 4, and ammonium chloride j but it is impossible 
to represent such a change without the interposition of a molecule 
of water. The reaction requires further investigation. Ammonium 
sulphamate is however easily obtained by the action of ammonia 
on sulphur trioxide, thus : — SOj -f 2NH3 = NH4O — (SO2) — NH2 ; 
if less ammonia be used, sulphamic acid is formed, thus : — 
SO3 -f Nfia = HO— (SO2)— NH2. Ammonium sulphamate is 
crystalline, and is sparingly soluble in water, and yields, with 
barium chloride and ammonia, a white precipitate of a basic 
barium sulphamate, from which the neutral salt may be pre- 
pared by cautious addition of sulphuric acid. Its formula is 
Ba(0S02NH2)2 ; and from it the potassium and other salts have 
been produced by treatment with sulphates. 

Similar compounds of selenium and tellurium are unknov/n. 

Compounds with oxides of chlorine, bromine, and iodine are 
unknown. The amido-derivatives of these elements have been 
described among the halogen compounds of nitrogen (see p. 158). 

The amines of ruthenium, rhodium, and palladium differ 
in character from each other. Those of ruthenium occupy a 
unique position; those of rhodium closely resemble the chrom- 
amines and cobaltamines ; while those of palladium are more 
closely related to the nickelamines and similar bodies. They are 
all specially stable. 

The compounds of ruthenium are produced by the action of 
solution of ammonia on ammonium ruthenichloride, (NH 4 ) 2 RuCl 8 . 
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The mixture is heated, evaporated to dryness, and extradted with 
alcohol, which leaves a pale yellow crystalline powder of the 
formula RuCl2.4NH3.3H2O. It is to be observed that the ruthe- 
nium is not said to be reduced by this action ; hence the formula 
usually assigned, Ru" (112116)2.211 Cl, is obviously inapplicable. On 
treatment with silver hydroxide, the chloride yields a hydroxide 
in solution, from which several salts — the carbonate, nitrate, sul- 
phate, &c. — have been prepared. 

When the hydroxide is heated it loses two molecules of am- 
monia, leaving the hydrate of the diamine, Ru(NH3)2(0H)2.4H20, 
in the solid state. From this body salts have been prepared, 
which have a darker yellow colour than those of the diamine. As 
ruthenium dichloride is blue, compounds derived from it would 
almost certainly not have the colour of the ammonium rutheni- 
chloride, in which the tetrachloride, RuCh, is contained, unless 
there were some close connection between them. 

The rhodium amines are similar to the purpureo- and 
roseocobaltamines. The compounds may be thus classified : — 

Bh(N’H3)6.X3 ; roseorhodamines, or rhodamines ; 

01 — B1i(NH 3)5.X2; purpureorhodamines, or cMororhodamines ; 

(KO3) — Bh.(NH3)5.X2 ; nitratorliodamizies ; 

(NO2) — B]i(NH 3)6.X2; nltrorhodamines, or xanthorhodamines. 

In the first set of compounds X3 is replaceable ; in the remain- 
ing three sets, X2. Hence these bodies confirm the suggested 
formulas for the cobalt amines. For the first set we may suggest 
the formula : — 

Sx’ X— Rh(NH3)5.2HX. 

The roseorhodamines are obtained by digesting rhodochloride 
of ammonium, RhCl3.2NH4Gl, with ammonia. This yields the 
chloride, RhCl3.5NH3, from which the hydrate is obtainable by 
the action of silver hydroxide ; and from it the carbonate, oxalate, 
sulphate, &c. 

The purpureorhodamines are formed from rhodium tri- 
chloride and ammonia ; that they contain one atom of chlorine in 
more intimate combination than the other two is proved by the 
fact that on treatment with silver nitrate, sulphate, <fec., only two 
atoms of chlorine are exchanged for the groups (N03)2, (SO4), &c. 
Corresponding bromine and iodine compounds are produced from 
the roseorhodamines, in which all the halogen atoms are replace- 
able, by keeping the bromides and iodides at a high temperature 
for some time. The nitrato- and nitro- compounds may be similarly 
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prodtice*(3. All these bodies form series of salts, such as hydroxide, 
nitrate, sulphate, &c. 

Three series of palladium compounds are known, two derived 
;{rom the dichloride, PdCh, and the third from the trichloride, 
PdCla. They are as follows : — 

PdX2.2NH3 = Pd(NH2)2*2HX, palladamine dihydrohalide ; 

PdX2.4NH3 = Pd(N2H5)2.2HX, palladodiamine dihydrohalide ; 

1 PdX3.2NH3 = X — Pd(NH2)2.2HX, halopalladamine dihydrohalide. 

The hydrochloride of the palladamine is produced by digest- 
ing palladium dichloride with a slight excess of ammonia solution! 
It has a red colour, but at 100® it turns yellow, possibly owing to 
isomeric change. The fluoride, the bromide, the iodide, the hydr- 
oxide (which is crystalline and a strong base), and several other 
salts, such as the carbonate, nitrite, sulphite, and sulphate, have 
been prepared by the usual methods. All crystallise well. 

By digesting palladium dichloride with a greater excess of 
ammonia solution, the hydrochloride of palladodiamine is pro- 
duced. Of this series, the fluoride, bromide, iodide, hydroxide, 
silicifluoride, carbonate, nitrate, sulphite, and sulphate are known. 
When heated to 100°, these salts lose ammonia, being converted 
into compounds of the first series. 

The hydrochloride of the third series is produced by oxidising 
that of the first with nitrohydrochloric acid, or by exposing its 
solution to the action of chlorine. It and the other salts are dark 
red crystalline compounds. 

Osmamines, Iridamines, and Flatinamines. 

The osmamines are derived from tetrad osmium, as in OsCh. 
They are as follows : — 

Cl2=0s(NH2)2.2HCl.«H20; 0=08(NH2)2.(0H)2; and OsCl2(NH3)4. 

The second of these is formed by the action of excess of 
ammonia on osmium tetroxide, O 8 O 4 ; it is a blackish-brown 
powder, soluble in hydrochloric acid, yielding the first. 

The third, supposed by its discoverer, Claus, to be analogous 
to the ruthenamiiies of similar formula, is produced by the action 
of ammonium chloride on potassium osmate, K 2 OSO 4 . On treat- 
ment with silver hydroxide, it yields a hydroxide. This compound 
evidently also contains tetrad osmium ; but, like the correspond- 
ing compounds of ruthenium, it requires reinvestigation, for its 
formula implies that it is a derivative of dyad osmium. It is 
probable that there is error in supposing it to contain twelve 
atoms of hydrogen. 
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The compound OS2N2O5K2 is produced by the actioii! of am- 
monia and potassium hydroxide on osmium tetroxide, thus : — 
6OSO4 + 8NR^ + 6KOH = 3OS2N2O5K2 -h JVg -f I5H2O. From the 
barium salt the acid has been obtained. Many salts are kno'w^, 
of which those of sodium, potassium, ammonium, barium, and 
zinc are soluble ; and those of lead, silver, and mercury insoluble. 
They explode when heated. 

The iridSLmines are derived, first, from iridium dichloride. 
Such are iridosamine hydrochloride, Ir(NH2)2.2HCl, and its 
derivatives, and iridosodiamine hydrochloride, 

Ir(NH2.NH3)2.2HCl; 

the nitrate and sulphate have also been prepared. The first 
is produced by cautiously heating iridium trichloride till it 
changes to the dichloride, dissolving the brown residue in solution 
of ammonium carbonate, and adding a slight excess of hydrochloric 
acid. It is a yellow-orange substance. The sulphate is produced 
by evaporating the hydrochloride with the requisite amount of 
sulphuric acid. When the hydrochloride is boiled with excess of 
ammonia, the diamine hydrochloride, Ir(N2H6)2.2HCl, is produced 
as a whitish precipitate. The nitrate and sulphate are crystalline. 

Second, from iridium trichloride, IrOla. The hydrochloride, 
IrCla.SNHs, is analogous to that of the purpureocobaltamines 
and the rhodamines. It is produced by gently heating, for some 
weeks, ammonium iridichloride, IrCl3.3NH4Cl, with excess of 
ammonia solution, then neutralising with hydrochloric acid, and 
washing the flesh-coloured precipitate with water. With silver 
hydroxide it yields the hydroxide, from which the nitrate, sulphate, 
&e., may be prepared by neutralisation. 

Third, from iridium tetrachloride, IrCl4. By heating iridos- 
amine hydrochloride, Ir(NH2)2.2HCl, with strong nitric acid, the 
nitrate of dicl^loroiridodiamine is produced. When evaporated 
with hydrochloric acid, violet crystals of the hydrochloride are 
formed. This compound is known to have the constitution 
Cl2=Ir(N2H5)3.2HCl, because silver nitrate removes only half its 
chlorine, forming the dinitrate. If its formula were Ir(NH2)4.4HCl, 
all the chlorine would be then removed. The sulphate, produced 
by evaporating the hydrochloride with the requisite amount of 
sulphuric acid, forms greenish needles. 

The amido - derivatives of platinum have been very 
thoroughly investigated, and are very numerous. They are 
divisible into three main groups, according as they are derived 
from PtX2, PtXa, or PtX4, where X represents a halogen, &o. 
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1. P^atinous derivatives (from PtXz). 

1. Pt"(NH2)2.2HX;* * * § salts of platinosamine. 

2. X-Pt"(N2H6).HX;t salts of haloplatinosodiamine (the name di- 
f^ine may be given to the group ( — NH2 — NH3 — ). 

These compounds are isomeric 'with those of group 1. 

3. ; salts of platinosomonaniine>diamme. 

4. Pt''(N2H5)2.2HX;§ salts of platinosodiamine. 

1. The hydrochloride of platinosamine, Pt(NH2)2.2H01, is 
produced by heating the hydrochloride of platinosodiamine, 
Pt(N2H5)2.2HCl, to 220 — 270® ; or by boiling platinum dichloride 
with solution of ammonium carbonate, filtering, and crystallising. 
It forms yellow rhombohedra. Silver salts remove all the chlorine ; 
and in this way many of the salts have been prepared. Among 
these are the bromide, iodide, oxide, oxalate, nitrite, nitrate, sul- 

ISTH Cl 

phite, sulphate, chlorosulphite, SO H’ sulphite, 

gQ JJ ^ 

which have replaceable hydrogen, and furnish 
series of metallic derivatives. 

2. By the action of ammonia on a solution of platinous 
chloride in hydrochloric acid, a precipitate (the green salt of 
Magnus ”) is formed, and the filtrate, on cooling, deposits yellow 
prisms of chloroplatinosodiamine hydrochloride, 

ClPt(N2H5).HCl. 

From its solution silver salts remove only half the total chlorine, 
yielding corresponding salts, among which are the bromide, iodide, 
cyanide, nitrite, nitrate, sulphate, chlorosulphite, and sulphite. 
The two last retain hydrogen, like the compounds of group 1, 
and yield metallic derivatives. With caustic soda the chloride 
yields hydroxyplatinosodiamine hydroxide, HO — Pt — (N2H6).OH. 

3 . The action of a small amount of ammonia on platinum 
dichloride yields a double compound of the dichloride with 
platinosomonamine-diamine hydrochloride, of the formula 

TJTT HCl 

Pt<^ Jj ^ treated with nitric acid, the nitrate 

* Beiset, Annales [3], 11, 426; Peyronne, ibid.^ 16, 462 ; C14ve, Bull. Soc. 
Chim,f 16, 203. 

t Cleve, ibid.f 16, 207. 

t Cleve, ibid., 16, 21. 

§ Peyronne, Annales [3], 12, 193 ; C16ve, Bull. Soc. Chim., 7, 12. 
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is produced, Pt<^ 


NH2.HNO3 

(N3H,).HN03 


; and from it tlie chlonde, sul- 


phate, &c. 

4. When the hydrochloride of the monamine, Pt(NH2)2.2HCl, 
is digested with ammonia, or when its isomeride (the “ green sal€ 
of Magnus,” see below) is similarly treated, tlie compound 
Pt(N2H5)2.2HCl, is formed, and deposits in large yellow crystals. 

Its plati nochloride, Pt(N2H5)2.2HCl.PtCl2, is the green salt of 
Magnus* (the first discovered of these amido-derivatives), as is 
proved by its formation by direct addition of platinum dichloride 
to the hydrochloride of platinosodiamine. This platinochloride 
forms insoluble needles of a deep green colour. It was originally 
produced by addition of ammonia to a mixture of platinum tetra- 
chloride with sulphur dioxide ; a mixture containing platinum di- 
chloride, owing to the reduction of the tetrachloride by the sulphur 
dioxide. 

Of the diamine, the bromide, iodide, hydroxide, carbonate, 
oxalate, nitrate, chromate, dichromate, sulphate, hydrogen sul- 
phate, hydrogen phosphate, and other salts have been prepared. 

Two series of double salts of the di-diamine are known, 
produced by addition. The first of these (Buckton’s) have the 
formula Pt(N2H5)22H01.MCl2, where M stands for a dyad metal ; 
the second (Thomsen’s), M(N2H5)2.2HCl.PtCl2. This second 
series really forms the platinochlorides of the diamines of other 
metals. The salt of Magnus is the platinochloride of this series, 
where M stands for platinum, thus : — Pt(N2H5)2.2HCl.PtCl2. 

II. Compounds of platinum trichloride, PtCh (or, as PtCh is 
unknown, possibly of Pt 2 Cl 6 ; but, as there is as little reason to 
suppose the existence of the latter body, the simpler formulae are 
adopted). Derivatives of the following series are known. 


1. X — Ft(NH2)2*2HX;t haloplatinodimonamine. 

2. X — Pt(N2H5)22HX;t baloplatinodi-diamine. 

3. X 2 — Pt(N 2 Hg) ;§ dihaloplatmodiamine. 


1. The first of these is produced as iodoplatinodimonamine 
hy dr iodide, by the action of ammonia on di-iodoplatinidiamine 
hydriodide (see below), I2PP^(IIH2)2.2HI. It is a crystalline 
powder, and is the only compound of the series known. 

2. The starting point for salts of the second series is the 
nitrate of platinosodiamine (I 4). On treatment with iodine, 

♦ Magnus, Fogg, Ann.j 14, 242. 

t C16ve, Bull. 80 c. Chim.f 17, 100. 

J C14ve, ibid.y 16, 168. 

§ Cldve, ibid.y 17, 100 j Blometrand, Beriohtey 1871, 639. 
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it yielda the nitrate of di-iodoplatini-di-diamine (see below), 
Ir=Pt(NjH,) 2 . 2 HN 03 . This substance, with ammonia, loses iodine, 
and is converted into the oxide of iodoplatino-di< diamine nitrate, 

J ^ .N,H 5 .HN 03 HNOa N^Hs. ^ t i,* * * § 4 = 

Jr-Ftc^jq. Q In H which forms micro- 

scopic yellow needles. With nitric acid, it yields the nitrate of 
iodoplatinodi-diamine, I — Pt(N2H5)2.2HN03, a soluble orange 
powder, crystallising in small prisms. From the nitrate, the sul- 
phate, phosphate, and oxalate have been made. 

By boiling the oxide of iodoplatino-di-diamine nitrate with 
silver nitrate, hydroxyplatino-di-diamine nitrate is produced, 
HO — Pfc(N2H6)2.2HN03, and from this salt the chloride, sulphate, 
orthophosphate, dichromate, and oxalate have been prepared, the 
hydroxyl-group retaining its position. 

By further treatment with nitric acid, the hydroxyl-group is 
replaced by the group (^"03)', yielding N03.Pt(N2H6)2.2HN03, a 
body resolved by water into the hydroxy-compound. 

The bromochloride, bromonitrate, bromosulphate, and brom- 
oxalate have also been prepared, of the formula 

Br— Pt(N2H5)2.2HX. 

3 . The chloride alone is known, Cl2=Pt(N2H5) ; it is an 
amorphous yellow powder, produced by the action of nitrohydro- 
chloric acid on a base of the formula HO — Pt(Iir2H6), which, 
nevertheless, differs from the salt I 2 . Opinions differ (Blom- 
strand, Cl^ve) as to the composition of the compound 

HO-Pt— (N2HO ; 

it and its derivatives are amorphous explosive black substances, 
produced by boiling chloroplatinosodiamine hydrochloride with 
soda. 

III. Platinic amines, derived from PtX4. These compounds 
fall into the following classes : — 

1. X 2 =Pt*^(NH 2 ') 2 - 2 HX.* Dihaloplatinamine dihydrohalide. 

2. X 3 =Pt‘^(NH 2 ).HX.t Trihaloplatinamine hydrohalide. 

3. Dihaloplatinimonodiamine hydrohalide. 

^ Jl2Xlfi. XiA 

4. X 2 =Pt(N 2 H 5 ) 2 . 2 HX.§ Dihaloplatinidi-diamlne hydrohalide. 


* Gerhardt, Sev. Scient,, 28, 273 ; Cleve, Bull. Soc. Chim., 17, 100. 

t Ibid.y 17, 105. 

J Ibid.y 17, 107. 

§ Gros, Annales\2']y 69, 204 j Raewsky, ibid. [3], 22,273; Cl^ve, Bull. 
Soc. Chim.y 7, 19 j and 16, 162. 
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1 . These compounds are prepared from the chlorid*3, which 
is formed by the action of chlorine on platosamine hydrochloride 
(I 1 ), suspended in water. It forms small yellow quadratic 
octahedra, and is sparingly soluble in water. Its formula is 
Cl 2 =Pt(NH 2 ) 2 . 2 HCl. From it many other salts have been pre- 
pared, among which are the dibromodihydrobromides, the di-iodo- 
dihydriodide, the dihydroxydihydroxide, the dinitrato-dinitrates, 
the dihydroxydinitrate, the dinitrato-dinitrite, the nitrato-chloro- 
dinitrite, the dichlorodinitrite, &c. The formula of the last may 
be given to illustrate the nomenclature. It is 

Cl2=Pt(NH2)2.2HN02. 

2 . Compounds containing the groups ^Pt(N2H6) — are simi- 
larly formed by the action of chlorine on chloroplatinosodiamine 
(I 2 ). They are isomeric with the former. The chloride 
forms sparingly soluble yellow laminae, and has the formula 
Cl 3 =Pt(N 2 H 5 ).HCl. From it the tribromohydrobromide, the tri- 
hydroxy-nitrate, the dichloro-nitro-nitrite, 

(N02)Cl2=Pt(N2H5).HN02, 

the dihydroxy-sulphate, (H0)2=Pt<^^^®^S04, and other com- 
pounds have been prepared by the usual methods. 

N H 

3 . Derivatives of prepared, like those of the 

former two groups, by the action of chlorine on the hydrochloride 
of platinoso-mono-diamine, Pt(NH2)(N2H5).2HCl. Its hydro- 
chloride forms yellow rhombic scales. The dihydroxy-dinitrate, 
the dibromo-dinitrate, and the dibromo -sulphate have been pre- 
pared. 

4 . Derivatives of =Pt(Il2H6)2, are similarly prepared by the 
action of chlorine on a solution of platinosodi-diamine hydro- 
chloride (I 4 ) ; or by dissolving the hydrochloride of dichloro- 
platinamine (IV 1 ) in ammonia. The hydrochloride of the 
dichloride forms sparingly soluble yellow transparent regular 
octahedra. Many derivatives of this amine are known ; among 
others, the dibromo-hydrobromide, the hydroxy bromo-dibromide, 
the di-iodo-hydriodide, the chlorobromo-hydrochloro-hydrobromide 
(ClBr==Pt(N2H5)2.H01.HBr), &c., &c. 

Some similar compounds with hydroxylamine have been 
prepared.* 


♦ Chem, Centralbl,^ 1887, 1264. 
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Cuprosamines and Cupramines; Argentamines, Auraminea, 
Mercurosamines, and Mercuramines. 


^ The amido-derivatives of copper are divisible into two 
classes : — 


I. Those containing cuprous copper, as in cuprous chloride, 

CU2Cl2* 

II. Those containing CUpric copper, as in cupric chloride, 
CuCla. 


But this difFerence is to be noted between these compounds- 
and those of the previous palladium and platinum groups, viz., 
that on treatment with halogen acids they give double halides, such 
as CUCI.NH4CI; CUCI2.2NH4CI, &c. They are not so stable as- 
the compounds of the preceding groups, but rather resemble the 
zinc and cadmium compounds. 

I. Cuprous compounds.^t — 

1. CU2CI2.NH3 = Cu 2=NH.2HC1, dicuprosamine dihydro- 
chloride, produced by direct action in a gentle heat, is a black 
powder. 

2 . CUCI.NH3 = Cu— NH2.HCI, cuprosamine hydrochloride, 
is a non-crystalline substance, produced by the action of ammonia 
on copper monochloride, in the cold. After long continued action 
of ammonia, it appears probable that the compound CUCI.2NH3 is 


formed. 

3 . CUI.2NH3 = CuNH2,NH4l forms white crystalline plates. 
It is produced by digesting copper with cupric chloride, and 
then adding a solution of potassium iodide. 

II. Cupric compounds. J — I. Cupramine hydrochloride, 
Cu(NH2j2 2HCl, is produced by the action of ammonia on 
cupric chloride, CUCI2, at 140 °. The corresponding carbonate, 
Cu(NH 2)2.H2C03, and sulphate, Cu(NH2)2.H2S04, have been 
prepared by direct addition. They are apple-green compounds. 


2 . Cu<^i?« X . 2 HBr is precipitated by alcohol from a mixture 

(■N2-M»5y 

of ammonia with cupric bromide. 

3 . Cu(N 2 H 5 ) 2 . 2 Hr,H 20 is formed by the action of atmo- 
spheric oxygen on a solution of cuprous iodide, Cul, in ammonia. 
This body is of special interest, for cupric iodide, CuT2, is unstable. 


♦ Deh^rain, Compt. rend., 66, 807 ; Leval, J. Pharm. (3), 4, 328. 
t As we are ignorant of the molecular weight of ^mbined cuprous chloride, 
the simple formula is giveii. 

t Rammelsberg, Pogg, Ann., 48, 162; 66, 246. 

2 N 
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The hydroxide is also known, Cu(N 2 H 5 ) 2 H 3 .(OH) 2 . 2 H 2 Q, forming 
blue octahedra ; also the sulphate, dithionate, and iodate. 

4. Ou(N2Hs)2.(HBr)(NH4Br) is produced by direct union. 

5. Cu(N 2H5)2.2NH4C1 is similarly produced. It is blue and 
amorphous. 

Argentamines. — These appear to be very numerous, inasmuch 
as almost all salts of silver are soluble in ammonia, and presumably 
unite with it. But only a few have been isolated. These are all 
argentous compounds. 

1. Argentamine, Ag(NH 2 ) (?), is a black explosive powder, 
commonly called “iulminating silver,*’ produced by the action of 
ammonia solution on silver hydroxide 

2. (AgNH2.HI).AgI. A double salt, formed by the actidti 
of gaseous ammonia on dry silver iodide which has not been fused. 

3. Ag(NH2).HN03 and the corresponding chlorate, sulphate, 
and chromate, are soluble crystalline bodies, formed by direct 
union. 

4. (AgNH2.HCl).2NH4Cl, is a double salt, formed by the 
action of ammonia on silver chloride, suspended in water. It is 
very soluble, and crystallises oat on concentration. Silver bromide 
does not absorb ammonia. The corresponding nitrate has been 
prepared. 

Auraxulnes.’^ — Aurous oxide, AUaO, dissolves in strong am- 
monia, giving NAua.NHa. When boiled with water, ammonia is 
evolved, and gold nitride, Au^N, remains. Gold monoxide, AuO, 
on similar treatment, yields a similar compound, but the gold is 
present as hydroxide; its formula is N(AuOH) 3 .NH 3 . It is a 
very explosive substance, which, when boiled with water, under- 
goes a similar decomposition, the product being N(AuOH) 3 . 
Auric chloride, AuCls, digested with ammonia, yields fulminat- 
ing gold,” a mixture of HN=Au01, and HN=Au — NH 2 . The 
latter, digested with sulphuric* acid, yields a salt of the formula 
AU(N2H6)2.H2S04. These compounds are all very unstable. 

'Mercurosamines and mercuramines.f — Of these many are 
known ; and a few examples of corresponding phosphorus and 
arsenic compounds have also been prepared, which will be con- 
sidered along with their analogues. 

I. Mercurosamines. — Of these there are three classes; the 

♦ Dumas, Annales (2), 44, 167; Raschig, Annnlenf 236, 341. 

t The ehief . "ref erenees on this- subject are: — Mitscherlich, JPogg. Ann.^ 9, 
887; 16,41; C^,.248; Kano, Annales p) , 72, 215; Millou, ibid. (3), 18, 392; 
Plautancour, Annalen,, 40, 115; Hirzel, ibid,, 84, 258; Schmieder, «7. prakt* 
Chem,, 76, 128. 
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first contaHus tKe group (NH)^' ; tlie second the group (NH)", 
and the third the triad atom (N)'". These are analogous to the 
tnona mimes, diamines, and triamines, where the hydrogen of a 
mr|fecule of ammonia is replaced successively by one, two, and 
three hydrocarbon groups, such as methyl, ethyl, &c., as NH2CH3, 
NH(CH3)„ and N(CH3)3. 

1. HgNH,.HP, a black substance, decomposed by water, 
produced by the action of gaseous ammonia on mercurous fluoride. 
A double salt of the chloride, with ammonium chloride, 
HgNH2.NH4Cl (or possibly Hg(K2H5)HCl), is formed when dry 
ammonia is absorbed by dry mercurous chloride. When warmed 
this body loses ammonia, leaving the hydrochloride, HgNHa.HCL 
The iodide is unstable. 

2. The compounds HgaNH.HCl and Hg2NH.HBr are black 
substances, produced by treating mercurous chloride or bromide 
with solution of ammonia. The formation of this precipitate 
serves to distinguish mercurous chloride from that of silver ox 
lead, both of which are also insoluble. Mercurous nitrate, with 
ammonia solution, gives a corresponding compound, 

2(Hg2NH.HN03).H,0, 

as a greyish-black powder, decomposed by light. 

The action of hydrogen arsenide on mercuric chloride is to 
produce an analogous compound, in the form of a double salt, 
HgaAsCl.HgCla, as a brownish-yellow precipitate. Here hydrogen 
is replaced by chlorine ; and it may be remembered that compound 
arsines containing hydrogen in union with arsenic are also 
unknown. 

3. 2(Hg3N.HN03).3H20, trimercurosamine nitrate, is also 
formed by treating mercurous nitrate with ammonia solution. 

II. IVEercuramiiies. — These may be divided into four classes : — 

1. Those in which the mercury-atom shares its two powers ol 
combination with the amido-group, and with some other group. 

Cl-^Hg— NH3, chloromercuramine, is a white precipitate, 
formed by adding a slight excess of ammonia to a cold solution oi 
mercuric chloride, HgCb.Aq. When gently heated, its hydro- 
chloride, 01~Hg— NH2.HCI, sublimes, leaving the compound 
ClHg— N==Hg.HgCla (see below). Chloromercuramine is 
named “infusible white precipitate.’’ The hydrochloride may 
also be produced by acting on dry mercuric chloride with gaseou& 
ammonia, or by digesting mercuric oxide, HgO, with ammonium 
chloride. It resembles mercuric chloride in appearance, and may 
be sublimed without sensible decomposition. 


2 N 2 
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Bromoxuercuramizxe, BrHgNH 2 , and its bydrobromide re-* 
semble tbe cbloro-compounds in properties and reactions. 

lodomercuramine bydriodide, produced by evaporating a 
solution of mercuric iodide in ammonia, forms small white needles. 
A double salt of oxymercuramine nitrate with ammonium nitrate, 

NH^ HNO formed by mixing solutions of 

mercuric nitrate and ammonia, and evaporating tbe filtered liquid. 
When boiled with water, its solution deposits yellow needles of 
the simple nitrate. 

2. Mercuramines. — Mercuramine hydrochloride, 

Hg(NH2)2.2HCl, 

or “ fusible white precipitate,” is produced by adding a solution 
of mercuric chloride to a boiling mixture of solutions of ammonium 
chloride and ammonia as long as the precipitate at first formed 
redissolves ; also by boiling chloromercuramine, ClHgNH 2 , with 
solution of ammonium chloride. It forms white rhomboidal dodeca> 
hedra. The bydriodide is a substance of a dull- white colour, 
produced by the action of ammonia gas on mercuric iodide. In 
presence of water, crystals of Hg(NH2h.2HI.3H20 are formed. A 
double salt of the oxide with mercuric nitrate, 

is produced by adding ammonia in small quantity to a slightly 
acid solution of mercuric nitrate. It deposits slowly as a white 
precipitate. 

3. The third group resembles the first, in having halogen or 
similar groups directly conneded with the mercury ; but two 
hydrogen-atoms of the ammonia are thereby replaced. 

The fluoride, (PHg)3.NH.H,0, is a gelatinous precipitate pro- 
duced by treating mercuric fluoride with ammonia. — Dichloro- 
mercuramine hydrochloride, (ClHg) 2 .NH.HCl, is formed as a 
white insoluble precipitate by the action of great excess of am- 
monia on mercuric chloride. — Hydroxychloromercuramine, 

is produced when chloromercuramine hydrochloride, 

Gl->-Hg — NH2.HC1, is boiled with water, thus : — 2 ClHgNH 2 HCl 
-f HaO + Aq = NH 4 Cl.Aq -f- 2HCl.Aq -h (HOHg).(ClHg).NH. 
It is a dense yellow powder. With solution of potassium iodide it 
gives the corresponding hydroxyiodide, which is also formed as a 
brown precipitate by the action of ammonia on mercuric iodide. — 
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The hydroxyoxide, ^<Hg(NH) Hg OH’ Produced by the 

action of strong ammonia solution on yellow mercuric oxide. It 
is^ a brown insoluble substance, turning white on exposure to 
air owing to absorption of carbon dioxide. Many salts of this 
body are known. 


Oxydimercuramine nitrate, 


o< 


Hg 

Hg 


>NH.HN03, is a granu- 


lar white powder, formed by boiling oxymercuramine mercuric 
nitrate, 0(HgNH,)..HgN0, (see 2). with water ; ammonium nitrate 
is also formed. The me rcuro-hydroxy nitrate of oxydimercur- 
amine, 0<g|>NH.Hg<OH , is produced by adding a great 

excess of ammonia to mercuric nitrate ; it is a whitish-yellow pre- 
cipitate. 

Compounds such as these are very numerous. Carbonates, 
chromates, sulphites, phosphates, arsenates, icjdates, and other 
compounds have been prepared. Their methods of preparation, 
constitution, and properties may, however, be inferred from those 
of the halides and nitrates described above. 

4. The last series of compounds is one in which the hydrogen 
of ammonia is entirely replaced by mercury. Trimercuramine, 
N,(Hg ") 3 , or more correctly mercuric nitride, is a dark-brown 
powder, produced by passing ammonia over hot mercuric oxide at 
130°. It is exceedingly explosive. The action of liquefied ammonia 
on mercuric iodide yields the compound IHg — N— Hg ; and the 
hydrate HO.Hg — N=Hg is formed by digesting mercuric oxide 
with aqueous ammonia. It may be heated to 100°, and yields the 
oxide Hg=N~Hg— O — Hg — N=Hg as a deep-brown explosive 
powder. From the oxide the chloride, OlHg— N=Hg, is produced 
by treatment with hydrochloric acid. A compound of this chloride 
with mercuric chloride, ClHg-N=Hg HgCl,, forms stnall red 
crystalline laminae, and is left as a residue when the hydrochlo- 
ride of chloromercuramide, ClHgNH^HCl, is sublimed from 
chloromercuramide, ClHgNH,. Similar to this last compound is 
one produced by the action of hydrogen phosphide on a solution 
of mercuric chloride ; its formula is 2(ClHg — P=Hg).HgCl 2 . It 
is a yellow powder. The corresponding bromide has also been 
prepared.* 

• Rose, Pogg. 40, 75. 
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NITRIDES, PHOSPHIDES, ARSENIDES, AND ANTIMONIDES (CONTINUED) ; 
CYANIDES AND DOUBLE CYANIDES. 


NagN;* * * § NaaP;! Na^Aa;l NaaSb-t— K3N ;* KaPfC?); KjAs;! KaSb.J 

Sodium nitride is a greenish mass, produced by heating sod • 
amide (seep. 524) to redness, thus : — SNaNHa = Na^N -f 2 NH 3 . 
Potassium nitride is similarly produced. These compounds 
Ijum brilliantly when heated in air, and are decomposed by water. 
— Sodium and potassium phosphides are produced by direct 
union, best under a layer of xylene, CgHjo ; the union is exceed- 
ingly energetic, and is accompanied by evolution of heat and light. 
Excess of phosphorus is dissolved out by treatment with carbon 
disulphide, and the blackish powder remaining is dried in a cur- 
rent of dry carbon dioxide. — Arsenide and antimonide of 
sodium and potassium are metallic-looking substances, of crys- 
talline fracture, produced by direct union at a red heat j the union 
takes place with incandescence. With water, these bodies yield 
hydrogen arsenide or antimonide. 

No nitrides of beryllium, calcium, strontium, or barium have 
been prepared ; beryllium is said to combine directly with 
phosphorus: but the compound obtained was impure. Calcium 
and barium phosphides have been produced mixed with pyro- 
phosphates § by the action of phosphorus gas on the oxides, thus : 
7BaO -b 12P = 5BaPa -f BaaP 207 . The mixture is a brownish- 
black lustrous substance, giving with water phosphine and barium 
hypophosphite. Arsenides appear to be similarly produced. No 
antimonides have been prepared. 

* Gaj 'Lussac and Thenard, Rech. physico-chim.^ 1, 854; ^eiJI^tein and 
O-euther, Annalen^ 108, 88. 

t Vigier, Bull. 800 . Chim., 1861, 6.^ 

X Landolt, Annalen^ 89, 201. 

§ Dumas, Annales, 82, 864. 
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MfiTaNj,* MfirgAaj.t-^ngNs ;t ZnP; ZnPj; (?) 

ZiiP5;(?) Zn3A82; C^aAsalj. — Nitrides of cadmium have not been prepared; 
but that metal unites directly with phosphorus, forming Od3P2 and Cd2P. 
The arsenide is said to have the formula Cd2A8. 

Magnesium nitride is a greenish-yellow amorphous mass, 
produced by direct union of nitrogen with red-hot magnesium, or 
even by burning magnesium in a limited supply of air ; it 
reacts with water, forming ammonia. — Zinc nitride is produced 
by heating zincamine, Zn(NH2)2, to redness (see sodium nitride) ; 
it is a grey powder, reacting violently with water, yielding am- 
monia and zinc hydroxide. Magnesium phosphide, produced 
by direct union at a red heat, is ’a steel-grey, crystalline substance 
with metallic lustre. The compound ZngPz is produced by direct 
union of the vapours of zinc and phosphorus, either directly or 
when zinc phosphate is strongly heated with charcoal. It forms 
iridescent prismatic crystals, or a grey mass. It volatilises at a 
higher temperature than zinc. The phosphide, ZnP, is said to form 
brilliant needles ; it is probable that the compounds ZnP2 and 
ZnPs are mixtures of amorphous Zn3P2 and red phosphorus.^ 
Cadmium phosphide, Cd3P2, is a crystalline body with grey 
metallic lustre. The phosphide, Cd2P, is said to be formed at the 
same time,^ These bodies require further study. — Magnesium 
arsenide is a brown slightly lustrous substance, produced by 
direct union ; zinc and arsenic combine with incandescence, giving 
brilliant grey octahedra, which, when heated, yield, a brittle grey 
button of ZnaAs; and cadmium arsenide, a bright metallic- 
looking substance with a reddish tinge, is produced by the action 
of potassium cyanide, KCN, at a red heat on cadmium arsenate. 
Compounds of these elements with antimony may be prepared by 
fusion ; two crystalline antimonides of zinc, of the formtil© 
ZnSb and ZnaSb^, are known ; they appear to be definite com- 
pounds. They decompose water at the ordinary temperature. 

— No other compounds of the elements of this group have 
been prepared. — Boron nitride is produced by direct union ; by 
the action of ammonium chloride on boron oxide at a red heat; 
and by passing the product of the action of boron chloride on 

Brieglieb and Q-euther, Chem. News^ 38, 39 ; Annalen^ 123, 228. 
t Fhd. Mag. (4), 16, 149. 
t Parkinson, Chem. Soc. (2), 6, 117. 

§ yigier, Bull. Soo. Chim.^ 1861, 5, 

II ComgU rend., 86, 1022, 1065. 

^ Renault, Annales (4), 9, 162. 

Wohler, Annalen, 74, 70; Martins, ibid., 109, 80, 
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ammonia through a red hot tube. It is a soft white amorphous 
infusible powder. It is very stable; but when heated in steam it 
yields boron oxide and ammonia (see p. 513). 

AIN the phosphide and arsenide have been prepared, but 
not analysed. The only other compound of the group vhich has 
been prepared in a definite form is TlSb. — Aluminium nitride 
was prepared by heating aluminium with sodium carbonate to an 
exceedingly high temperature (the nitrogen is evidently derived 
from air) ; it forms yellow, lustrous crystals, becoming dull on 
exposure to moist air, and finally evolving ammonia, leaving a 
residue of aluminium hydroxide.— -The phosphide and arsenide 
are grey masses, produced by direct union. — Thallium anti- 
monide, also produced directly, is brittle, and possesses metallic 
lustre. 

Cr3N4; CrP. — Fe3N2(?);t Fe3P4; FeP; Pe2P ;t— PegAsj; FeAs ; 

FegAs FftjAss; Fe As2 ; FeAs4. — TULn^V^i?); MnAs. — C03P3; C0AS2 ; 

C0A83.— Ni.jP| KiaPj; NisAs; NijAs; NisAss; NiAs; NiAs^; NiSb. 

Many of these compounds occur native ; among them are leucopyrite or 
araenosideritey Fe3A83 ; Iblinqite^ FeAs2; Jcaneite^ MnAs ; smaltite^ CoAs^; 
shtttierudite^ C0AS3; kupfernickdy or niccolite^ NiAs; rammeUbergite^ NlAsg; 
and hreithauptite^ MiSb. 

Chromium nitride has been obtained by heating anhydrous 
chromium trichloride in ammonia. It is an insoluble brown 
powder, burning in air. to chromium sesqnioxide and nitrogen. 
The phosphide, similarly prepared, is a black powder, insoluble 
in water, and not attacked by acids. Phosphides of cobalt and 
nickel, CO3P2, and Ni3P2, are grey powders, produced by heating 
the dichlorides in a current of pho.sphine. Iron at a red heat is 
hardly attacked by molecular nitrogen. But if the nitrogen is 
narscent, as, for instance, if ammonia be passed over red-hot iron, 
a white brittle substance is formed, and the gain in weight corre- 
sponds to the formula Pe^N. A similar substance is formed by 
heating ferrous chloride, PeCl*, in a current of ammonia ; but its 
composition appears to correspond with PCsN.^. At a higher tempe- 
rature it loses nitrogen, and is converted into PCjN. Iron nitrides 
burn in air, and when heated in hydrogen yield ammonia and 
metallic iron ; with steam, iron oxide and ammonia are the 
products. 

Many phosphides of iron have been obtained, § but the 

* Mallet, Chem. Soc.^ 80 , 849 . 

t Stahlschmidt, Poyy. 37 . 

X Compt. rend., 86 , 1022 and 1065 . 

§ Froese, Pogg. Ann.y 182 , 225 . 
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separate*existence of many of them as distinct chemical individuals 
is doubtful. Those which appear best established are Fe3P4, pro- 
duced as a black powder by heating the disulphide, PeS2, in a 
^urrent of phosphine ; PeP, a grey tumefied mass, obtained by the 
action of phosphorus vapour on finely divided iron, reduced from 
its oxide by hydrogen ; and Pe^P, a hard brittle mass with metallic 
lustre, produced by throwing phosphorus on to red-hot iron filings. 
These substances are insoluble, and are attacked with difficulty by 
acids. A phosphide of manganese, which appears to approxi- 
mate in composition to the last mentioned phosphide of iron, is 
produced similarly, or by reducing manganous pyrophosphate, 
Mn 2 P 207 , by charcoal at an intense heat. Corresponding phos- 
phides of nickel and cobalt are similarly prepared, and have 
similar properties. The arsenides of iron are whitish-grey 
brittle substances wdth metallic lustre, which are either found 
native, or have been prepared by direct union. A white hard 
magnetic alloy is also formed when antimony and iron are 
heated together. The native arsenide of manganese is a hard 
grey substance, approximating in composition to the formula 
MnAs. Cobalt diarsenide or smaltine is the most abundant of 
cobalt ores, and is found native in silver- white regular cryslals. 
When heated, a portion of the arsenic is evolved, and a fusible 
brittle metallic-looking mass remains. Shutterudite, or modumite, 
CoASj, forms regular crystals of a grey-white metallic appearance, 
whi(;h evolve arsenic when heated. Ohloranthite, or white nickel^ 
NiAs2, forms tin- white regular crystals, or as rammelshurgite, tri- 
metric prisms, which oxidise in moist air to arsenate of nickel. 
Copper nickel or viccolite, NiAs, usually forms compact masses of 
a copper-red colour, and sometimes hexagonal prisms; it is one of 
the chief ores of nickel. The rare mineral hreithauptite, NiSb, 
©ccurs in thin, copper-coloured, hexagonal plates. Speiss is a 
deposit formed in the pots when roasted arsenide of cobalt, mixed 
with copper nickel, is fused with potassium carbonate and silica in 
the preparation of smalt, a blue glass containing cobalt. It con- 
tains cobalt, manganese, iron, antimony, bismuth, and sulphur, 
but consists mainly of nickel arsenide; and the proportions of 
these constituents correspond best with the formula Ni3As2. It is 
sometimes found in di metric crystals, but is generally a white 
metallic-looking substance with a reddish tinge. The arsenide, 
NijAs, has been produced by direct union. 

Double oompounds. — These are found native, and uniformly 
contain sulphur ; the most important of the double sulphides and 
arsenides are ; — 
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Mispiclcely or or senopy rites ^ FeSAs; pacite^ FesSjAsg; glmicopyrites, 
FeiaS^Assi ; glaucodot (F 6 , 0 o)SA 8 ; cohaltite^ CoS As ; gersdorjffite^ NiSAs j 
ullmannite^ NiSSb ; corynite^ N’iS(As,Sb) ; and vlloclasite^ Oo3S4A8gBi4. 

These have a yellow or grey colour, and possess metallic 
lustre. 

Nitride of carbon or cyanogen, 62^21 is such a remarkable 
substance, and forms so many double compounds, that it is prefer^- 
able to consider it apart. It will therefore be treated of after the 
other nitrides have been described. 

Titanium forms two well-defined nitrides, which for long 
were mistaken, owing to their metallic lustre, for titanium itself. 
Wohler was the first to show their true nature.* Their formulee 
are TiN and Ti3N4, the first corresponding to the oxide, TiaOg, 
and the latter to TiOa. TiN is produced by heating titanium 
dioxide in a current of ammonia; TigNi, by similarly treating 
TiCb ; on heating it to a high temperature for a sufficiently long 
time, it loses nitrogen, yielding TiN, Titanium mononitride forms 
golden-yellow crystals, and trititanic tetranitride forms crystals of 
a copper-red colour with metallic lustre. The existence of other 
nitrides, described by Wohler, appears to be disproved. When 
heated in steam these nitrides yield titanium oxide and ammonia. 
Titanium easily unites directly with nitrogen, forming a mixture 
of these compounds. 

Zirconium also forms nitrides when the element or its tetra- 
chloride is heated in ammonia ; yellow crystals have been obtained 
also by the action of atmospheric nitrogen on zirconium at an 
intense heat.f Their composition is unknown, but they are decom- 
posed by steam, yielding ammonia. Cerium and thorium com- 
pounds are unknown. 

No phosphide of carbon is known. Titanium phosphide has 
been prepared by heating the phosphate with carbon. Its formula 
is unknown; but it is said to form white brittle fragments. 
Phosphides of cerium, zirconium, and thorium have not been 
prepared; nor are arsenides or antimonides of these elements 
known. 

Nitride of silicon is a white amorphous mass, of the formula 
Si^Na, infusible, and unoxidisable by. heating in air, and insoluble 
in all acids but hydrofluoric. It is produced by heating silicon in 
a current of nitrogen; the action of ammonia on silicon tetra- 
chloride yields a chloride, SisNeCla, a white powder, which when 

* Annales (3), 29, 175; and 52, 92; also Friedel and Guerin, Compt, rend.^ 
82, 972, and Annales (6), 7, 24. 

t Mallet, Sill. Amer. «7., 28, 346. 
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heated ih ammonia loses hydrogen chloride, leaving SisNsH.* It 
slowly evolves ammonia on exposure to moist air. Compounds of 
silicon with phosphorus, arsenic, and antimony are unknown. The 
germanium compounds have not been investigated ; and nitrides 
of tin and lead are unknown. Tin combines with phosphorus 
directly, forming a brilliant crystalline mass which appeal’s to 
have the formula Sn 3 P 2 . It is less fusible than tin, but white, 
softer, and more malleable. Another phosphide is produced by 
the action of phosphine on stannic chloride ; on treatment with 
water, a yellow powder remains which has the formula S11P3. 
Phosphides of tin, heated in a current of hydrogen, leave a residue 
of tin, while phosphorus sublimes. Lead dissolves about 16 per 
cent, of phosphorus. The product is like lead, and may be cut 
with a knife; but it breaks when hammered. Excess of phos- 
phorus crystallises from the lead in the form of “red’* (black 
metallic) phosphorus (see p. 59). Phosphine is said to throw 
down a brown precipitate of lead phosphide from a solution of the 
acetate. 

Arsenides of tin and lead appear to be of the nature of alloys. 
They form metallic-looking masses, and lose arsenic on distilla- 
tion. An arsenide of tin containing 1 part of arsenic to 15 parts 
of tin crystallises in large leaves ; it is less easily fused than tin. 
The compound SngASg has also been prepared. The alloy of lead 
and arsenic is also crystalline and brittle; PbAs, PbaAs^, and 
Pb^As are known. t Lead shot contains OT to 0*2 per cent, of 
arsenic; its presence makes the lead assume the form of drops, 
and renders it harder. The antimonides will be treated of in the 
next chapter, for they are of the nature of alloys. 


PNr(?); VN; VNa.— AsP; SbP.— SbsjAs; SbaAsg Bi3As4. 

The product of the action of ammonia on phosphorus trichloride 
is probably P(NH 2)3 (see p. 525). When heated, a residue is left 
which may contain phosphorus nitride, PN, but this subject 
requires further investigation. Vanadyl trichloride, VOCI3, or 
vanadium trioxide, V 2 O 3 , J when heated to a high temperature in 
a current of ammonia, yield a greyish-brown powder mixed with 
small plates with metallic lustre, possessing the formula VN. The 
first product of the action of ammonia on vanadyl trichloride is 
the dinitride, VN 2 , a brown powder, which loses nitrogen at a 
white heat, leaving the mononitride, VN. The phosphide, 

• Compt, rend.y 93, 1508. 

t Ihid., 86, 1022 and 1068. 

t Bosooe, Annalen^ SuppL, 6, 114, and 7, 70. 
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which has not been analysed, is said to be formed by the Action of 
carbon at a white heat on vanadyl phosphate, and to form a grey 
porous mass. Similar compounds of niobium and tantalum have 
not been prepared, nor have arsenides and antimonidos ^f 
vanadium. 

Nitrides of arsenic, antimony, and bismuth are unknown. It 
would be advisable to investigate the action of a high temperature 
on the compounds of the trichlorides with ammonia. 

The action of arsine on phosphorus trichloride, or of phosphine 
on arsenic trichloride, yields phosphide of arsenic, as a red- 
brown solid, soluble in carbon disulphide, of the formula AsP. It 
is changed by water into an oxide, AS3P2O2. When heated in 
carbon dioxide phosphorus sublimes, and then arsenic. A similar 
red phosphide of antimony, SbP, is produced by the action of 
phosphorus, dissolved in carbon disulphide, on a solution of 
antimony bromide in carbon disulphide. Antimony and arsenic 
combine when heated together, forming a crystalline substance of 
the formula Sb2As ; and the mineral allamontite has the formula 
Sb 2 A 83 . 

3C03N2; W2N3J* XJ3N3(?). — MoP; W3P4; WjP. — Arsenides and anti- 
monides unknown. 

MO3N2 is produced by the action of ammonia at a red heat on 
molybdenum chloride ; it is a grey powder. Tungsten nitride is 
a black powder, produced by the action of ammonia at a red heat 
on WO2CI2, oronWCU (see p. 536 ). Similarly, uranium penta- 
chloride, heated in a current of ammonia, yields a black powder of 
doubtful formula. Molybdenum phosphide is a grey metallic- 
looking mass, formed by heating a mixture of molybdenum peut- 
oxide, metapbosphoric acid, and charcoal to whiteness ; one 
phosphide of tungsten, W3P4, is produced by direct union at a 
red heat, and is a dark-grey powder; and the other phosphide, 
W2P, forms fine hexagonal steel-grey crystals with metallic lustre, 
produced by reducing with charcoal a mixture of metapbosphoric 
acid and tungsten pentoxide. Phosphides of uranium have not 
been prepared. 

Although ruthenium, rhodium, and palladium combine with 
phosphorus, arsenic, and antimony, no compounds, except PdP2, 
have been investigated. No simple nitrides of these metals are 
known. The same remark may be made of osmium. The phos- 
phides, arsenides, and antimonides are much more easily fusible 
than the metals themselves. 

♦ Wdhler, Annaien, 108, 268, 
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PlatMium nitride, PtgNa, is produced by heating the oxide of 
platiiiosodiainiae,Pt“(NH2)2.H20 to 280°, thus: 3Pt(NH2)2.H20 = 
8H2O + 4 iNH^ + PtaNi. It is a greyish substance, decomposing 
suddenly at 290° into platinum and nitrogen. 

The phosphide, PtaPg, is a white substance, with metallic lustre, 
much more easily fusible than platinum, produced by direct union, 
and crystallising in cubes. When heated in a muffle, the residue 
Pt2P is left. A corresponding iridium compound is similarly 
formed,* and is known as “ cast iridium.” The arsenide, PtAsg, 
also formed by direct union, resembles the phosphide, and the 
antimonide is also white, brittle, and easily fused. A hydroxy- 
arsenide, Pt.AsOH, is formed by passing a current of arsine 
through a solution of platinic chloride ; it forms black scales. 

CU3N ;+ CUsP;!: CU3P2; CuP; CUgAS; OU5AS ; CU3AS ; Cu^Ab; Ou^ABj. 
— AfiTsNC?); AeraP; Afir3P2; AgrPa; AgraAs; Ag^Aa^; AgAs ; AgraSb ; 
AgTaSba-— AU3N ; AU2P3; AU4A83.— HgsNj ; HgrgPa; HgraAsj; HgrAs. 

The nitride, CU3N, is produced by passing ammonia over 
cuprous oxide heated to 250° ; it is a brown substance, decomposing 
about 360°. It has been suggested that fulminating silver (see 
p. 546) is in reality a nitride, but it appears more probable that it 
is silver amide, AgNHa. Gold nitride has already been mentioned 
(p. 546). Mercuric nitride, Hg,N 2 , is a black substance, pro- 
duced by the action of ammonia on mercuric oxide at 130°, which 
detonates when heated or struck. 

Cuprous phosphide, CU 3 P, is a grey powder, produced by 
heating cuprous chloride, CU2CI2, in a current of phosphine. 
Cupric phosphide, CU 3 P 2 , is similarly prepared from cupric 
chloride, CUCI2, and forms a black powder. It is attacked by 
hydrogen chloride, yielding spontaneously inflammable phosphine. 
At a high temperature, in a current of hydrogen, it yields the 
phosphide, CUP 2 , as a grey crystalline powder. Phosphides of 
silver are formed by direct union. The formulae given above 
have been ascribed to them, but are not certain. A compound of 
the formula AgaP.SAgNOj, and a similar compound, Ag3As,3HN03, 
are produced in yellow crystals by saturating a strong solution of 
silver pitvate with phosphine or arsine at 0°. They are very 
unstable, almost at once depositing metallic silver. There appears 
also to be a similar compound of antimony. 

Gold phosphide, AuP, is produced by direct union between 

• Chem. NewSy 48, 285. 

t bchrotter, A tnaleriy 87, 131. 

t Rose, JPoffsi, Anv^y 4, 110; 6, 209; 14, 188 ; 24, 328. 
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spongy gold and phosphorus ; it is a grey mass, more fusfclo than 
gold, with metallic lustre. The phosphide, AU3P2, is produced by 
precipitation with phosphine, and is a black powder ; it is mixed 
with metallic gold. Mercury phosphide, probably HgaPg, is a 
black compound, formed when mercuric oxide or chloride is heated 
with phosphorus ; it is also formed in brown flakes when a mercuric 
salt is treated with phosphine, or as a yellow sublimate V^hen 
mercnric chloride is heated in a current of phosphine. Along with 
this phosphide, a yellow powder of the formula HgsPs.SHgCU is 
produced, which decomposes thus when boiled with water: — 
HgaPa.SHgCla -f + Aq = GHCl.Aq + 2H3PO3 + CHg. 

Mercuric phosphide also forms double compounds with 
basic mercuric nitrate and sulphate, Hg3P2.3Hg20(N03)2 and 
HgaP 2.3P[g30( 304)2. 4PE20 , formed by he action of phosphine on 
the nitrate or sulphate. 

The arsenides, CUsAs and AgsAs, occur native as arsenical 
copper, or domeylcite, and arsenical silver^ or huntilite. The other 
arsenides are formed directly, as is also arsenide of gold. Mercury 
and arsenic do not easily combine directly, but when arsine is 
passed into a solution of mercuric chloride, the compound 
Hg3As2.3HgCl2 is precipitated. It is a yellowish-brown powder, 
and when in contact with water slowly decomposes into arsenious 
oxide, AS4OS, mercury, and hydrogen chloride. 

Further investigation of all these compounds is much to be 
desired. Data concerning most of them are very meagre, and 
many have not been examined since the time of Berzelius. 


Nitride of Carbon, or Cyanogen, and its 

Compounds. 

Cyanogen, (CN)2,* is not formed by direct union. It is best 
prepared by heating cyanide of silver, gold, 6r mercury, preferably 
the last, thus : — Hg(CN)2 = Hg -f (GN)2. It may be more con- 
veniently prepared by heating a mixture of mercuric chloride with 
dry potassium ferrocyanide, or better with potassium cyanide (see 
below). 

Cyanogen is a colourless gas with a sharp smell, resembling 
that of bitter almonds. It is exceedingly poisonous. It burns 
with a blue- purple flame, forming carbon dioxide and nitrogen. 
Water at the ordinary temperature dissolves about four and a half 
times, and alcohol twentjr-three times, its volume of cyanogen. In 

• day-Lussac, Annales, 77 , 128 ; 96, 136. 
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tlie liquii state it is colourless, and boils at —20°, and at a lower 
temperature it freezes to a white solid melting at —34*4°. 

Its formula is shown to be (GN)^ by its vapour density, and it 
may be regarded as similar to molecular chlorine, hydrogen, or 
oxygen, Gk, H 2 , or O 2 , or to ethane (dimethyl), (( 7 ^ 3 ) 2 , (see p. 501) ; 
and it has been shown to contain its own volume of nitrogen by 
decomposing a known volume by means of an electric spark. Its 
heat of formation is : 2C + = G 2 N 2 — 65 7K. 

Cyanides.— The starting point for preparing the cyanides is 
potassium cyanide, produced by heating the ferrocyanide, 
K 4 Pe(CN )6 (see p. 562). 

Hydrogen cyanide, hydrocyanic acid, or prussic acid, 

HCN.* — Hydrogen and cyanogen do not combine directly, but 
hydrogen cyanide is produced when the electric arc passes through 
moist air, by the union of carbon, hydrogen, and nitrogen. Anhydr- 
ous hydrogen cyanide may be prepared by heating mercuric cyanide, 
better mixed with ammonium chloride, with strong hydrochloric 
acid, passing the vapours over powdered marble to remove excess 
of hydrogen chloride, and through a tube filled with ignited calcium 
chloride, to dry the gas. Or by decomposing mercuric cyanide at 
30° or 40° in a tube with hydrogen sulphide, and causing the 
resulting gases to pass through a layer of lead carbonate to remove 
excess of hydrogen sulphide. The pure compound should never be 
prepared without the utmost precautions being taken against its 
escape into the air of the laboratory, as it is an intense poison. 
The anhydrous compound may also be prepared by distilling its 
strong aqueous solution with fused calcium chloride dropped into 
the acid in small pieces at a time, to abstract water. It must be 
condensed in a receiver, best in a cooled by a freezing 

mixture, and the exit from the receiver should lead away to a good 
draught. 

An aqueous solution of the acid may be prepared by distilling 
potassium cyanide with dilute sulphuric acid : — KCN.Aq 4- 
H^SOi.Aq = HCN.Aq -H KHSOi.Aq. Or ferrocyanide of potassium 
may be employed (10 parts, water 30 parts, sulphuric acid 6 parts), 
thus : — 

2K4Fe(CN)6.Aq -f 3H2S04.Aq = 3K2S04.Aq + K2Fe2(CN)6 -f 

6HCN.Aq. 

Hydrogen cyanide is a colourless liquid, boiling at 27° ; it 
freezes to a solid, which melts at — 15°. It has a strong odour to 

• day-Luflsac, Annales, 77, 128 j 96, 136. 
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those who can smell it, but about one person out of every five is 
incapable of perceiving it. It can always be detected by the 
choking sensation which it produces in the glands of the throat. 
It is miscible with water in all proportions. It burns, forming 
water, carbon dioxide, and nitrogen. 

It is exceedingly poisonous ; a few drops of the strong aqueous 
solution cause immediate death. It is employed medicinally in a 
2 per cent, solution. It may be produced by distilling crushed 
peach-stones or laurel leaves with water, and it is known that 
such preparations were used in the middle ages by professional 
poisoners. 

The heat of forraa*tion of hydrogen cyanide is : — S 0 + N 

HCN - 275K. 

The analogy between chlorine and cyanogen, and between 
hydrogen chloride and cyanide, is a striking one. The cyanides in 
many respects resemble the chlorides, but while hydrogen chloride 
is not easily produced from its salts except by the action of 
acids like sulphuric, phosphoric, &c., even carbonic acid expels 
hydrogen cyanide from some cyanides. Hence, solid potassium 
cyanide always smells of hydrogen cyanide. 

The cyanides and double cyanides are very numerous. It is 
only possible here to give a partial sketch of these compounds. 

liiON; NaCNj KCN; RbCN; CsCN; NH4CN. 

r* 

These salts are produced by the action of hydrocyanic acid on 
the hydroxides of the metals, or by direct combination of cyanogen 
with the metals ; that of ammonium by direct combination of equal 
volumes of hydrogen cyanide and ammonia, or by distilling a 
mixture of potassium cyanide and ammonium chloride in requisite 
proportions. Cyanides are also produced by passing cyanogen 
into solutions of the hydroxides; ^'cyanate and cyanide are 
formed thus :-~ 2 KOH. Aq -f (GN)^ = KCN.Aq -f KCNO.Aq. 
This reaction is exactly analogous to that which takes place 
between chlorine and caustic alkali (see p. 462). An interesting 
synthesis of potassium cyanide is carried out by passing nitrogen 
over a red-hot mixture of carbon and potassium carbonate, pro- 
duced by igniting the tartrate, citrate, or some similar salt; it 
may be formulated : — K 2 CO 3 -f- 4C 4 - = 2 KC]Sr -f- SCO, 

Sodium cyanide is also formed when any nitrogenous carbon 
compound is heated with sodium ; this affords a means of testing 
for nitrogen in carbon compounds. It is also produced in a 
blast furnace, where iron ores are smelted #ith coal and lime; 
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the sodium is contained in the coal ash and the limestone ; the 
carbon is derived* from the coal, and the nitrogen from the air. It 
may be separated from the escaping gases by passing it through 
Sfirubbers filled with water, as in the extraction of ammonia from 
coal-gas. 

Potassium cyanide fs most conveniently prepared by heating 
the ferrocyanide, K 4 Pe(JCN) 6 , previously dried, in an iron crucible. 
It decomposes, giving an indefinite carbide of iron and the cyanide. 
Sometimes potassium carbonate is added to increase the yield. It 
may be purified by crystallisation from alcohol. If required per- 
fectly free from cyanate, KCNO, it is best produced by passing 
the vapour of hydrogen cyanide into' an alcoholic solution of 
potassium hydroxide, when it is precipitated. 

These cyanides are all white deliquescent solids, crystallising in 
bhe regular system; they smell of prussic acid. They are very 
soluble in water, and somewhat soluble in alcohol. They are all 
poisonous. 

Although cyanogen and hydrogen cyanide are produced with 
absorption of heat, potassium cyanide is formed with heat evolu- 
tion :~-K -f C -f. AT = KCN + 325K. 

Ca(CN) 2 ; Sr(CN) 2 , and Ba(ON) 2 . 

White deliquescent solids. Barium cyanide may be prepared 
by the action of the nitrogen of the air on a red hot mixture of 
barium carbonate and carbon ; when heated to tS00° in a current 
of water-vapour, it yields its nitrogen in the form of ammonia, 
thus: — Ba(CN)2 -b 4 fla 0 = BaCOj -f 2NE3 -f CO -f ^2- This 
process has been proposed as a method of producing ammonia 
from atmospheric nitrogen, but is not congmercially successful. 


M:ff(CN)2’; 'Zn(CN)2; Od(ON)3. 

Double compounds 2(Zn(0N)2).NACN.5H20 ; Zn(ON) 2 .KCN ; 

Zn(CN) 2 . 2 NH 40 N; Zn(ON)2.Ba(CN)3. 

Magnesium cyanide is soluble ; the cyanides of zinc and cad- 
mium are white precipitates, thrown down from solutions of their 
soluble salts by addition of potassium cyanide. The double 
cyanides are soluble, and are obtained by mixture. 

Yttrium cyanide is soluble. Aluminium cyanide appears to 
be incapable of existence. Gallium and indium cyanides have not 
been prepared. Thalloua cyanide, TICN, is thrown down fi'om 
a solution of tballous hydroxide in hydrocyanic acid by addition 
of alcohol and ether as a white precipitate. It crystallises from a 

2 0 
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hot solution, and is readily soluble in water. It forms fbe double 
cyanides 2TlCN.Zll(CN)2 ; also T1(CN)3.T1CN, produced by tbe 
action of hydrocyanic acid on moist thallic oxide ; the latter crys- 
tallises from strong hydrocyanic acid, but is decomposed by water. 

Cr(CN)3. Ferric cyanide is unknown in the solid state ; nor are simple 
manganic or cobaltio cyanides known. Nickolicyanides are unknown even in 
combination. 

Chromic cyanide, Cr(CN) 3 , is said to be the formula of 
the bluish-grey precipitate, produced on adding a solution of 
chromium trichloride to a solution of potassium cyanide. Its 
formula is doubtful. 

Cr(CN)2; Fe(CN')2; Mn(CN)2 (?) j Co(CN)2, and Ni(CN)2. 

Prepared by addition of solution of potassium cyanide to solu- 
tions of chromous, ferrous, manganous, cobaltous, or nickelous 
salts. Chromous cyanide, prepared from chromous chloride, is 
white; ferrous cyanide, the formula of which is doubtful, is 
yellowish-red; that of manganese is reddish-white; of cobalt, 
flesh-coloured ; and of nickel, apple-green. 

Double cyanides. — The double cyanides of this group of 
elements are very numerous. They may be divided into three 
classes : — 1, those containing the elements in dyad forms of com- 
bination ; 2, those containing the elements as triads ; and 
3, those in which the iron, &c., exists in both dyad and triad 
states. 

1. Chromocyanides are unknown; they are probably capable 
of existence, for chromium dicyanide dissolves in excess of solution 
of potassium cyanide. So also do cyanides of manganese and 
cobalt. 

Perrocyanides are compounds containing ferrous cyanide, 
Fe(CN)2, in combination with four molecules of an alkaline 
cyanide, as in K 4 Pe(CN)fl = Pe(CN)2.4KCN ; or with two mole- 
cules of the cyanide of a dyad metal, as in 

Ba2Pe(CN)e = Pe(CN)22Ba(CN)2. 

The starting point for the ferrocyanides is the potassium 
salt, K4P6(GH)e. It is produced on the large scale, by heating 
together in a shallow iron pan nitrogenous animal matter, such as 
chips of horn, hair, fragments of skin, woollen rags, &c., with 
crude potassium carbonate and iron filings. Cyanide of potas- 
sium and ferrous sulphide are produced, the latter deriving its 
sulphur partly from the organic matter, partly from the sulphate 
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present as imparity in the crude carbonate of potassium. • Only 
one-sixth to one-tenth of the nitrogen present in the animal matter 
is utilised. On treatment with water, the potassium cyanide 
an^ ferrous sulphide react, thus : — GKCN.Aq -f PeS = K^S -\- 
K 4 Fe(C!N’) 6 .Aq. The liquors are then evaporated, and the impure 
crystals which separate out are recrystallised. 

The formula of the crystals is K4Pe(CN)6.3H20 ; they are 
tnincated dimetric pyramids of a lemon-yellow colour, easily 
soluble in water, and not poisonous. When heated, iron carbide 
and potassium cyanide are produced (see p. 560). When distilled 
with strong sulphuric acid carbon monoxide is evolved, thus : — 

K4Pe(CN)e 4 - 6H2SO4 + 6H2O = 2K2SO4 -h PeS 04 + 
3(NH4)2S04 4- 600. 

It may be supposed that the hydrogen cyanide at first liberated 
combines with water, forming ammonium formate, HCO.ONH4, 
which is decomposed by the sulphuric acid, liberating carbon mon- 
oxide. But such stages cannot be recognised in the decomposition. 

On adding to a strong solution of potassium ferrocyanide, 
previously boiled to expel air, strong hydrochloric acid, also boiled 
and cooled, and a little ether, thin white scales of hydrogen 
ferrocyanide, H4Pe(CN)6, separate out. They may be collected 
on a filter, washed with a mixture of alcohol and ether, and dried 
over sulphuric acid in a vacuum. Hydroferrocyanic acid is easily 
soluble in water and alcohol, but insoluble in ether. 

Barium ferrocyanide, Ba2Pe(CN)6, may be produced by 
action on barium cyanide (obtained from the carbonate, carbon, and 
nitrogen) of ferrous sulphate, thus: — 3Ba(CN)2.Aq 4 - FeS 04 .Aq 
= BaS 04 4" Ba 2 Fe(CN) 6 .Aq ; also by precipitating a boiling 
solution of potassium ferrocyanide with great excess of barium 
chloride, and boiling the resulting precipitate with solution o£ 
barium chloride. It crystallises in flattened yellow monoclinic 
prisms with six molecules of water. 

The other ferrocyanides are prepared either by treating the 
hydroxide or carbonate of the metal with a solution of hydrogen 
ferrocyanide ; by mixing a solution the sulphate of the metal with 
solution of barium ferrocyanide ; or by precipitation, many ferro- 
cyanides being insoluble. 

The following is a list of the more important ferrocyanides : — 


* Liebig, AnnaXen^ 88, 20. 
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Li4Fe(CN)(5; Na4Fe(CN)6.12H20 ; K4Fe(CN)6.3B:20 ; 

(NH4)4Fe(CNe).3H20; also Li2B:2Fe(CN)8.6H20 ; NaK3Fe(CN)«; 

K2(NH4)2Fe(ON)6 ; K3(NH4)Fe(ON)p ; and tlie double salts 

(NH4)4Fe(0N)6.2NH4C1.3H20, and (NH4)4Fe(CN)6.2NH4Br.3H20. ^ 

Oa2Fe(0N)6.12H2O; Ba2Fe(CN)6.6H20 ; also B:2CaFe(0X«’)e.3EH20 ; and 

B: 3 BaFe(CN) 6 . 3 H 20 . 

^ (The last two double salts are produced by precipitation.) 

M8r2Fe(CN)6.12H20 ; Zn2Fe(CN)6.3H20 ; K2M«Fe(CN)6. 

Al4{Fe(CN)e}3; Fe4'"{ Fe" ( ON) J 3. ISHgO (Prussian blue) ; also 
KFe"'Fe(CN)6. 

The aluminium compound and the ferric compound are pro- 
duced by precipitation. The latter is prepared industrially as a 
blue pigment, by precipitation, thus : — 

4PeCl3.Aq + 3K4Fe(CN)«.Aq = Pe;”{Fe(CN)e}s + 12 KCl.Aq ; 

or by the oxidation by air, or other oxidising agents of potassium 
ferrous ferrocyanide, probably thus : — 6K2Fe{Pe(CN)6}.Aq + 30 
= FejOaw.HxO -h 3K4Fe(CN)e.Aq -f Pe4{Pe(CN)g}3. It is by this 
last method that it is usually prepared commercially. At the 
same time, potassium ferric ferrocyanide, KPe'"Pe"(CN)g, is 
produced, which is soluble in water. It appears to be formed, if 
the ferrocyanide of potassium is present in insufiBcient quantity, 
thus : — 

K4Fe(CN)e.Aq + FeCb.Aq = KFe'"Fe"(CN)3.Aq + SKCl.Aq. 

When digested with more ferrocyanide, it is converted into 
Prussian blue. This compound may also be regarded as potassium 
ferrous ferricyanide, KFe"Fe'''(CN)6 (which see). 

Ferrous ferrocyanide, Fej'Fe'XCN)^ (white), has the ^ame 
percentage composition as ferrous cyanide, Fe(CN)2. But as 
ferrocyanides of manganese (white), cobalt (pale blue), and 
nickel (light green), with corresponding formulae, are known, it 
is probable that the formula is the more complex one. By 
addition of solution of potassium ferrocyanide to a solution of iron 
wire in aqueous sulphurous acid, the potassium feiTous salt, 
K2Fe"Fe''(CN)e, is thrown down as a white precipitate. This 
compound is also produced when potassium ferrocyanide is dis- 
tilled with dilute sulphuric acid, as in the preparation of hydrocy- 
anic acid, thus : — 2K4Fe"(CN)e.Aq -h 3H2S04.Aq = 3K2S04.Aq -h 
6 H 0 N H- K2Fe"Fe"(ON)6‘ With a ferrous salt containing, as it 
twnally does, a little ferric salt, this precipitate is light blue, and 
serves for the detection of ferrous iron. It also rapidly turns blue 
on exposure to air, owing to oxidation. 
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Lead ferrocyanide is white ; that of bismuth also white ; of 
monad copper, white, CU4Pe(ON)8; potassium cuprous ferro- 
cyanide, K2CU2Pe(CN)6, forms deep brown crystals; potassium 
cujric, K2CuPe(CN)6, is the brown-red precipitate produced by 
a Solution of potassium ferrocyanide in solutions of copper salts ; 
with great excess of ferrocyanide of potassium a reddish-purple 
precipitate of CUaPe(CN )6 is produced. The silver salt is white, 
and is not acted on by hydrochloric acid ; the mercuric salt is also 
white. Ferrocyanides of cupramine and of mercuramine are also 
known. 

The manganocyanides are analogous to the ferrocyanidts, 
and are also produced by dissolving manganous cyanide in excess 
of an alkaline cyanide. The potassium salt forms deep violet 
tabular crystals of the formula K4Mn(CN)6. It would be in- 
teresting to compare the salts K2MnFe(CN)8 and K2PoMn(CN)8 
with a view of seeing whether or not they are identical. 

The double cyanides of nickel have formulae differing from 
the ferro- and manganocyanides. The potassium salt, K2Ni(CN)4, 
produced by mixture, forms yellow oblique rhomboidal prisms. 
Ammonium, calcium, and barium compounds have also been pre- 
pared. 

Chromicyanides, ferricyanides, manganicyanides, and 
cobalticyanides.— Chromicyanide of potassium, K 3 Cr '(CN)8, 
produced by dissolving chi’omium hydrate in solution of potassium 
cyanide in presence of potassium hydroxide, forms brown crystals, 
from which the red silver salt may be produced by precipitation. 
The silver salt with hydrogen sulphide gives the hydrogen salt 
H 3 Cr'"(CN) 6 , which is a crystalline body. Ferrous chromicyanide 
is a ‘brick -red powder. 

•The starting point for ferricyanides is potassium ferrocyanide. 
When a current of chlorine is passed through its solution, the fol- 
lowing reaction takes place: — 2 K 4 Fe"(CN) 6 . Aq -f 0/2 = 2 KCl.Aq 
-f- 2K3Fe"'(CN)6.Aq.* A still better methodf is to digest potas- 
sium ferric ferrocyanide with a solution of potassium ferrocyanide, 
thus KFe'"Fe(CN) 6 .Aq + K4Fe(CN)6.Aq = K3Fe'"(CN)6.Aq 

K2Pe"{Pe"(CN)6}. The insoluble potassium ferrous ferro- 
cyanide is removed by filtration, and may be reconverted into 
potassium ferric ferrocyanide by digestion with nitric acid, and 
thus rendered available for a second operation. The filtrate on 
evaporation yields dark orange-red crystals of ferricyanide. The 
sodium salt is similarly prepared. The double salt of sodium aud 

* Gmelin; Mandhook, 7, 468. 
t Williamson, Annalen^ 57, 2d7. 
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potassium has the formula NaaK{{Fe(CN)f,}2 ; lienee the formula 
of the simple salts is often written Nat,Pe2”'(CN)i2. The lead 
salt is sparingly soluble in water, and crystallises in brown-red 
plates. From it the hydrogen salt is produced by the action^ of 
the requisite amount of dilute sulphuric acid; the filtrate from the 
lead sulphate is evaporated, and deposits brownish needles of 

H,Fe(CN)e. 

The iron salts are specially interesting. Ferrous ferricyanide, 
Fe",{Fe'"(CN)e}^, is a deep-blue precipitate, known as TunibulVs 
hi nr, which shows on its fractured surfaces a copper-red lustre. It 
IS extensively used in calico-printing, and is produced by addition 
ol solution of ferrous sulphate to potassium ferricyanide, thus : — 

aFe"S04.Aq-h 2 K 3 Fe'"(CN)..Aq = Fe;'{Fe'''(CN)6}2 -f fiKCLAq. 

Potassioferrous ferricyanide, KFe"Fe"' (CN) 6 , is a blue- violet 
compound, produced by boiling white potassium ferrous ferro- 
cyanide, K2Fe"Fe"(CN)6, with dilute nitric acid. When digested 
with a feiTous salt, it yields TurnbnlTs blue, thus : — 

2 KFe"Fe'"(CN)e FeS04.Aq = Fe;'{Fe"'(CN)e}2 -f K2S04.Aq; 

with a ferric salt Prussijxn blue is formed : — 

3 KFe"Fe"'(CN)« + FeCl,.Aq = 3 KCl.Aq + 

Fe'"Fe;'{Fe'"(CN)43 = Fe4'"{Fe"(CN)43. 

By the action of excess of chlorine on a solution of potassium 
ferro- or ferricyanide, Prussian green is formed. It is a green 
ferricyanide of the formula Fe/'Fe/" }Fe(CN) 6 }B. 

With ferric chloride, potassium ferricyanide gives a brown 
solution, which may contain ferric ferricyanide, Fe'"Fe(CN)b, or 
perhaps ferric cyanide, Fe(CN)3. 

NitrO-prussides. — A class of compounds containing nitric 
oxide is produced by the action of nitric acid mixed with its own 
volume of water on ferro- or ferricyanides ;* the mixture after 
standing is heated in a water-bath, when gases are evolved. 
When it no longer gives a blue precipitate with ferrous sulphate it 
is cooled, when nitre and oxamide crystallise out. The mother 
liquor is neutralised with sodium carbonate and again filtered. 
The filtrate on evaporation deposits first crystals of nitre, and 
afterwards deep-red crystals of sodium nitroferricyanide, 
Na2Fe"'(CN)5.NO. Many salts have been prepared. The most 
striking reaction of the nitroprussides is that with a soluble 

Playfair, Fhil. Mag. (3), 36 , 197, 271, 348, Eoussin, Annales (3), 62, 
285. Pavel, BericMe^ 16, 2600. 
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sulpliidet a splendid purple colour is produced, wliich, however, is 
tninsient. 

It is suggested that these compounds are closely allied to the 
nitrosnlphides of iron (see p. 848) ; for on adding mercuric 
cyanide to sodium fcrrinitrosulphide, hydrogen sodium nitroferri- 
cyanide is formed, thus : — 

2]SraFeS2,]SrO.Aq -f 11,0 -f 5Hg(CN),.Aq 

2HNaFe(CN)5NO.Aq + 4HgS -f HgO ; 

and, conversely, 

2N'a2Fe(C]Sr)5NO.Aq -f ]Sa,S.Aq = 

2NaFeS,.N0 Aq -f lONaCN.Aq. 

At present, however, there are not data sufficient to make it 
})ossible to suggest constitutional formula3 for thi'se (*om])oiinds. 

Manganicyanide of potassium,* K}Mii"'(CN),,, is foinied by 
exposing the manganocyanide to air. It is amorphous with the 
fern cyanide, and forms reddish-brown crystals. The fm-rous salt 
IS cobalt-blue, but is unstable. 

Cobalticyanide of potassiumf is similarly prepari*d. The 
hydrogen salt, produced from the lead salt with sulphuretted 
hydrogen, HjCo(CN),„ forms colourless needles. Ferrous eobalti- 
eyanide, Fe7 ' {Co(CN)g} 2 , is a white pi’cdpitati^ analogous in 
formula to Tuimbull’s blue. The corresponding cobaltous salt 
IS a light-red precipitate. 

Nickel icyanides are unknown. 

Cyanide of titanium has not been investigated. But a double 
nitride and cyanide, Ti(CN), :iTi,N„+ occurs in copper-coloured 
crystals in the beds of blast-furnaces, and was formerly believed 
to be the element titanium. It may be produced by heating to a 
high temperature a mixture of titanium dioxide and potassium 
ferrocyanide. When heated in steam these crystals yield ammonia, 
hydrogen, and hydrocyanic acid, leaving a residue of titanium 
dioxide; and in chlorine, titanium chloride and crystals of a double 
compound of the chlorides of titanium and cyanogen, TiCh.CNCl. — 
Cerium cyanide is said to be a white pri'cipitato ; cyanides of 
zirconium and of thorium have not be piepared. 

Cyanides of silicon and of germanium are also unknown ; tin 
appears not to forma cyanide; and lead yields only a white pre- 
cipitate of a hydroxycyanide, HO — Pb — CN, in presence of am- 
monia. 

Eaton and Fittig, Annalen, 145, 157 ; Descamps, Bull. Soc. Chim.^ 9, 443. 

t Znonger, Annalen, 62, 137- 

X Wohler, Ckem. Boc.^ 2, 352. 
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Cyanides of elements of the nitrogen-gronp have jiot been 
prepared. 

Phosphorous cyanide, P(CN)3,* forms long, white needles, 
which catch fire when touched with a warm glass rod. It is pro- 
duced by heating to 130° in a sealed tube a mixture of silver 
cyanide and phosphorus trichloride, and subsequent sublimation 
in a current of carbon dioxide. It melts at 200° — 203°. Cyanide 
of arsenic may be similarly prepared. Cyanides of antimony and 
bismuth are unknown. 

Cyanides of molybdenum, tungsten, and uranium have not 
been examined. 

(CN)oO is unknown. The corresponding sulphide, (CNjoS, is 
produced by the action of a solution of cyanogen iodide in ether 
on silver sulphocyanide, thus : — AgSCN + ICN. eth. = Agl + 
(CN)jS. eth. It forms volatile, colourless, rhombic tables. 

Cyanogen hydroxide, or cyanic acid, (CN)OH, and the 
corresponding (CN)SH, sulphocyanic acid form numerous 
compounds in which the hydrogen is replaced by metals. The 
potassium .salts are produced by oxidation of potassium cyanide, 
with atmospheric oxygen, or better, by lead oxide or man- 
ganese dioxide; and by direct combination of potassium cyanide 
with sulphur. For an account of their salts, a text-book on 
the carbon compounds must be consulted. Ferric sulpho- 
cyanide, Pe(CNS)3, a blood-red, soluble salt, is produced by the 
action of an aqueous solution of potassium or ammonium sulpho- 
cyanide on ferric salts ; it is noticeable as a test for iron in the 
ferric condition ; ferrous sulphocyanide being colourless. SeleniO- 
cyanic anhydride! or selenium cyanide, ami seleniocyanidesj 
are similarly prepared to the sulphur compounds. They are 
unstable, decomposing easily with separation of selenium. Tel- 
lurium compounds have not been prepared. 

Fluoride of cyanogen will no doubt soon be prepared by 
Moissan. Cyanogen chloride, CNCl, bromide, CNBr, and 
iodide, CNI, are produced by the action of the halogen on mer- 
curic cyanide. Chlorine in the dark^ bromine on the cyanide, cooled 
by ice ; and iodine at a gentle heat, yield the respective halides. 
The chloride is a colourless gas, liquefying at —12° to —16°, and 
solidifying at —18° to long, transparent prisms. It forms a 
hydrate with water. The bromide forms long, colourless needles 
which soon change to minute cubes. It melts above 40°, but 

* Hubnor and Wehrhahno, Annalen^ 128, 254 ; 132, 277. 

t Linnonmnn, Annalen, 120, 36. 

X Crookes, Chem. Soc. J., 4 , 12, 
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volatilises rapidly at 15°. The sublimed iodide also forms lon^, 
white needles, but crystaUises from alcohol or ether in four-sidetl 
taldes. It boils above 100°, but volatdises at the ordinary teTn})e- 
rature. All these bodies are very poisonous. 

Some double compounds of the chloride are known, produced 
by direct union, e.g., BC1,.CNC1; FeCla.CNCl; TiCb.CNCl; 
and SbCls.CNCl. The boron and antimony compounds form 
white crystals; the tilanium compound is a yellow, crystalline 
mass ; and the iron compound is black, and a[)parently amorphous. 

Kuthenium forms ruthenocyanides, similar in formula to tlio 
ferrocyanides, and isomorphous therewitli.* The potassium salt 
is formed by fusing chloride of ruthenium and ammonium with 
potassium cyanide; the filtrate deposits it in small, colourless 
tables of the formula K4Ru(CN)c. On warming thi>; compouiul 
with hydrochloric acid, a violet precipitate of ruthenous cyanide, 
Ru(CN),, is produced. The hydrogen salt is liberated from the 
potassium salt in presence of ether, like hydrogen ferrocyanidc ; 
it forms white laminae. Ruthenic cyanides have not been iso- 
lated. » 

Rhodocyanides, on the other hand, are unknown. RhodiUlXl 
tricyanide, Rll(CN)j, formed by addition of actdic aijid to a solu- 
tion of rhodicyanide of potassium, is a red jiowder, soluble in 
potassium cyanide solution, forming rhodicyanides. The rhodi- 
chlorido of potassium, K,Rb.dc, fused witli potassium cyanide, 
yields potassium rhodicyanide, KjRh(CN)(,, analogous to fcrri- 
cyanide. It forms large, anhydrous, easily-.soliiblo crystals. 

Tlie cyanides of palladium require investigation. Palladium 
dicyanide is said to be a white jin'cipitate, produced on adding 
palladium diehloride to mercuric cyanide It dissolves in a solution 
of potassium cyanide, giving crystals of K2Pd(CN)4, analogous to 
the double cyanides of nickel. The tetracyanide, Pd(CN)4, is sahl 
to be a rose-coloured precipitate produced by mercuric cyanide in 
a solution of potassitai palladichloride, K^^PdCf,. A.q. 

Potassium OSmocyanide,t K40s(CN)o, analogous to the fer- 
rocyamde, is produced by adding solution of potassium cyanide to 
a solution of osmium tetroxide, OsOj, in aqueous caustic potasli. 
The solution is evaporated to dryness, and heated to dull redness 
On treatment with water osmocyanide of potassium dissolves, and 
may be purified by crystallisation. It forms yellow, quadratic 

* Claus, Jahresh., 1855, 44-G. 

t Claus, 'Beitr^pe zur Chemie der Platinmetalle, Durpat, 1854; Martius, 
Jahresh.^ 1860, 23'3. 
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crystals isomorphous wiili the ferrocyanides. Its solution^ gives a 
light-blue precipitate with ferrous salts, which is oxidised by nitric 
acid into a violet compound analogous to Turnbull’s blue, probably 
Fe;'{Os(CN )6 jo. A violet compound, said to have the same 
formula, is produced hy addition of a ferric salt to potassium 
osmocyanide llarium osmocyanide, Ba^Os(CN) 6 , crystallising in 
reddish-yellow prisms, is produced by treating this compound with 
baryta-water, which separates ferric hydrate. The acid is also 
known, and is prepared in the same manner as hydroferi'ocyanic 
acid. When boiled, the solution of the acid gives a violet pre- 
cipitate of osmium di cyanide, Os(CN)2. 

The iridicyanides,* of whiidi the potassium salt is produced 
by fusing ammonium iridichlonde, IrClj HNH4CI, with potassium 
cyanide, or metallic iridium with potassium ferrocyanide, are 
analogous to the ferr*icyan ides and also revsemble the rhodicyanides. 
The hydrogen, potassium, and barium salts are white and crystal- 
line; the zinc, ferrous, lead, and mercurous salts are white and 
insoluble; the ferric salt yellow; and the cupric salt blue. 

Platinum forms two series of cyanides ; 1, those analogous 
to the double cyanides of nickel, for example, K2Pt(CN)4 ; and 
2 , dihalo-plritinocyanides, such as l2Pt(CN)4.K2. The potassium 
salt of the first series is produced by heating platinum with 
cyanide or ferro(;yanide of potassium, or, better, by dissolving 
ammonium platinichloride, mixed with caustic potash, in a strong 
solution of potassium cyanide, boiling until ammonia is exj[)elled, 
and crystidlising. It forms rhombic prisms, yellow by trans- 
mitted, and blue by reflected, light. The copper salt is a green 
precipitate, produced by adding solution of cop])er sulphate to a 
solution of potassium platinocyanide ; and from it the hydrogen 
salt may be prepared by the ai^tion of hydrogen sulphide; the 
barium salt, by the action of barium hydroxide; and from the 
barium salt the platinoeyanides of other metals may be produced 
by adding the re((uisite amounts of sulphates of other metals. The 
platinoeyanides all exhibit remarkable dichroism ; the magnesium 
salt is one of the most beautiful; it forms square-based prisms, 
deep red by transmitted light ; the sides of the prisms reflect 
brilliant metallic green, and the extremities are purple-blue. 

As regards the products of their oxidation hy nitric aeid, 
clilorine and bromine in presence of water, lead dioxide, &c., con- 
siderable doubt still exists. On tlie one hand, they are stated to 
have formulae such as K2pt(CN)5; and analyses of many such 


* Martius, Annalen, 117, 357. 
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compoiftids are given by several well-known chemists * On the 
other hand, the compounds produced by the action of chloiane 
are said to have formuhe such as G(K2Pt(CN)4).Cl2.(H20).t 
’;ecently, the formula [K2Pt(CN)4.dH,0]jCl has been ascribed to 
he potassium compound, and that of [K2Pt(CN)4.dH20]3n(dJ to 
a similar compound produced by the action of hydrogen chloride. 
Regarding the action of excess of halogen, only one view exists ; 
such compounds have the formulce like the one already given, 
viz., Cl2.Pt(CN)4.K2. Compounds containing chlorine, bromine, 
the nitro-gronp, NO2, the gi*onp SO4, 4 c., have been prepared. 
They all display remarkable dichroism. 

CuCN ; AgrCN ; AuCN. — Doublo cyanides.— Cuprosocyanides, sucli as 
KCu(CN) 2 ; K 2 Cuj(CN)=i ; and K{Cu(CN) 4 . — Argentocyanides, such as 
KAgr(CN) 2 ; KjNaAg-j(CN)(,. — Aurocyanides, such us KAu(CN)«. 

Cuprous and argentous cyanides are white powders. The 
first is obtained by adding a solution of potassium cyanide to a 
solution of cuprous chloride, CU2CI2, in liydrocdiloric acid. It may 
bo obtained in crystals by treating with hydrogen snljihide lead 
cuproso-cyanide, PbCu(CN^)}, smspended in water; the compound 
HCu(CISr)2 appears to be formed, which, wlieii filtered from the 
lead sulphide and evaporated, decomposes, depositing crystals ol' 
cuprous cyanide. 

Silver cyanide is easily produced hy adding to a solution of 
silver nitrate a solution of the requisite amount of })otassinm 
cyanide ; eveess of cyanide redissolvcs the prinupitate, producing 
the double cyanide KAg(CN)2, which separate's in crystals on 
evaporation. Aurous cyanide is produced by decomposing 
polassium aurocyanide, KAu(CN)2, with nitric acid. It is a 
yellow crystalline powder. 

Mercurous cyanide does not exist. On addition of a soluble 
cyanide to a mercurous salt, metallic mercury is precipitated, and 
mercnt'ic cyanide goes into solution. 

Tlie double cyanides are produced by the action of potassium 
cyanide in excess on the cyanides, or on the chlorides, oxides, &c. 
From the potassium salts other derivatives may be prepared. 
Those of silver and of gold are largidy used in electro-plating A 
double nitrate and cyanide of silver is known, AgCN A^NO^, 
crystallising from a solution of silver cyanide in a solution of 
silver nitrate. 

* Knop, J. prakt. Chein , 37,401 ; AViselsky, ibid., 69, 276 ; Martius, loc. cit. 

t Hadow, Chem. Soc. J., 14, 106. 

X Wilm, Berichte, 19, 959 . 
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CurCN)o;Hg(CN);, — Double salts, siicli as K2Cu(CN)4, and K2Hg*(CN)4 — 
Cu(CN)2.2CuCN ; Cu(CN) 2 . 4 CuCN. Mercuric cyanide also forms numerous 
compounds with other salts, such as Hg‘(CN’)2.KCl ; 2Hg-(CN)2.CaCl2.0H2O ; 
Hg:(CN’) 2 . 2 CoCl 24 H 20 ; and similarly with bromides and iodides ; also 
Hgr(CN) 2 *K 2 Cr 04 , H8:(CN)2.Ag:2Cr207, 2Hgr(CN)2.Agr2S04; 2Hg:(CN)2.K2S204;^ 
Hfir(CN)2.AgN03, and many others. 

Cupric cyanide is very unstable, giving off cyanogen. It is 
a yellow-green precipitate, produced by adding copper sulphate to 
excess of potassium cyanide. It dissolves rapidly, giving a 
double salt. When allowed to stand it changes into the double 
compound, Cu(CN) 2 . 2 CuCN, which forms green granular crystals, 
or the other cuprous-cupric cyanide, Cu(CN )2 4CuCN. These 
bodies rapidly decompose, forming cuprous cyanide. 

Mercuric cyanide is produced by boiling mercuric sulphate 
with a solution of potassium ferrocytinide, or by digesting mercuric 
oxide with hydrocyanic acid. It forms colourless dimetric crystals. 
The double compounds crystallise well, and are produced by 
mixture. 

Au(C N)} is unknown in the free state. Potassium auricyanide, 
KAu(CN)4, is produced by crystallising a mixture of auric 
chloride, AuCb, with potassium cyanide. It forms large colour- 
less tables. The silver salt, produced by precipitation with silver 
nitrate, yields, on treatment with hydrochloric acid, the hydrogen 
salt, which, after evaporation over sulphuric acid, separates from 
its solution in large colourless tables of the formula 

2HAu(CN)4.3H20, 

Constitution of the cyanides. — Two formula are possible 
for hydrogen cyanide ; either H — C^N, representing it as 
methane with one atom of nitrogen replacing three atoms of 
hydrogen; or H — NC, representing it as ammonia, in which 
carbon I'eplaces two atoms of hydrogen. These are suggested by 
the following considerations among others : — Compounds are 
known in which the hydrogen of hydrogen cyanide is replaced by 
methyl, CII3. One of those, when treated with nascent hydrogen, 
yields au ammonia, cthylaminc, C2H5.NH2, the constitution of 
which has been proved to be Cn3.CH2NH2; this cyanide is not 
easily attacked by hydrochloric acid, but when boiled with caustic 
potash it assimilates the elements of water, yielding ammonia and 
potassium acetate, thus » — CIIaCN^ -f- H2O -f H.OH = CH3.COOH 
-f NH3, the nitrogen being replaced by oxygen plus hydroxyl. 
The other compound, CH3.NC, is not easily reduced, but at once 
decomposes on treatment with hydrochloric acid, giving methyl- 
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amine *and formic acid, thus: — CHiNC -j- HoO -|- H.OH = 
CH3 NHo -f HCO.OH. Compounds of tho first class are not 
specially poisonous, and have a not unpleasant smell ; compounds 
of the second class are exceedingly poisonous, and have an unbear- 
able odour. Both are produced together by the reactions : — 
CH3T + Ag(CN) = CH3(CN) + Agl; and CH,KS04 + KCN 
= K,S 04 + CHj(CN). Thus it would appear that either 
potassium and silver cyanides are mixtures of two such salts 
as AgCN" and AgNC ; or that the compound CIIjCN, which is 
a more stable body than CHiN^C, is produced when heated, 
owing to molecular change during the reaction. Tho latter 
view appears, on the whole, the most ttmable ; and it would there- 
fore follow that the cyanides belong to the class represented by 
IINC. This may also be inferred from their very poisonous 
nature. 

It is also noticeable that the cyanides show great tendency 
towards the formation of complex compounds. Cyanogen itself 
polymerises; the chloride C3N3CI3, is known as cyanuric chloride; 
and it has been suggested that the grouping of the cyanogen is in 
Cl— C— N=C— Cl 

II I 

such cases N — C=N . The group CjNs, therefore, may 

Cl 

be regarded as a triad-group ; and potassium ferrocyanidc may be 
thus represented as Fe''(C3N3K2)2. Similarly, dicyanogen com- 
pounds are known, in which the grouping has been supposed to be 
— C=N 

I I ; this is a dyad-group ; and ferricyanide of potassium 

N=C— 

on this theory would be Fe"'(C2N2K)3, and potassium nickelo- 
cyanide and similar salts Ni"(C2N2K)2. But it must be remem- 
bered that such inothods of representation, however suggestive, 
have little to recommend them except inasmuch as they may prove 
to be working theories. 
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PART VII.-~ ALLOYS. 

CHArTEE XXXIIL 

Alloys appear to form three distinct classes: (1.) Mixtures in 
which no chemical combination has occurred, and which 
may be regarded as solidified solutions; (2.) Chemical com- 
pounds with definite formulae; and (8) substances inter- 
mediate between these two classes, which contain the 
elements partly in a state of mixture, partly as compounds.* 
But in the present state of our knowledp^o, we can seldom dis- 
criminate between these three classes, and hence, in the following 
chapter, attention will be drawn to cases of definite combination, 
wherever suspected, while the elements will, as usual, be taken 
mainly in the periodic order 

It frequently happens that two elements will not mix, or that 
one will mix with a minimal quantity of another. Thus, while 
copper and silver, or lead and tin, mix in all proportions, iron and 
silver do not; a little silver, it is true, enters the iron, considerably 
modifying its properties; and a little iron enters the silver; but 
mixtures in any desired ])roportion cannot be preparial. It has been 
suggested that alloys often contain one or more of their constituent 
metals in an allotropic condition; the alloy of zinc and rhodium, 
when freed from zinc by treatment with acid, leaves the rhodium 
in an allotropic state ; and this modification is converted into 
ordinary rhodium with slight explosion at 300° (see p. 78). 

A new method of investigating alloys has recently been devised,t 
and it has been applied to determining the constitution of alloys 
of copper and zinc, and of coppei* and tin. The principle of tlie 
method is as follows • — If a battery be constructed containing, 
instead of a plate of any single metal, a compound plate made 
of two metals, the electromotive force of the circuit is that of the 
more positive metal. If an alloy of two metals is used as material 
for a plate, the electromotive force is still that of the more electro- 

* Matthiesson, As'sn. Report^}, 1863, 37 ; Chem. Soc. «7., 1867, 201. 

f Laurie, Chem. Soc, J , 1888, 104. 
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positive*raetal, if tlie alloy is a mere raixturo ; but if a eoiiipound, 
it lias its own electromotive force, differing fi’oin tliafc of ibe 
more electropositive element of the compound. Tf the alloy 
consists of both a mixture and a compound, then, as the ])laf(‘ 
dissolves away, the more electropositive element will disappear 
first, and the electromotive force wo'll fall suddt'uly to that due 
to the compound. In this way the existence of definite com- 
pounds of the formuhe CuZn^ and Cu^Sn, have been rendered 
probable. 

By extension and dcvelo])ment of such experiments as these, 
we may hope soon to enlarge our knowledge of alloys. 

The alloys will now be describetl in their order. 

Hydrides. — Sodium and potassium lu'ated in a current of 
hydrogen yield hydrides, of whiidi the sodium (umipoiind has the 
formula NaH. Sodium hydride* is a soft substance like wax, 
which becomes brittle at a temperature somewhat below its nudt- 
ing point. It is formed at d00°, and dissociates at 421^^. Its 
melting point lies below that of sodium. When treated with 
mercury, the sodium and mercury unite, and hydrogen is expelled. 
The poUissinm compound is vvliife, brittle, and shows crystalline 
structure. Lithium absorbs only seventeen times its volume of 
hydrogen. 

No other hydrides are met with till the metal iron is reaclual. 
The action of zinc ethyl, Zn(OdL)^, on ferrous iodnh' in jiresence 
of ether, is rt'pri^sentod by the (Mjuation Zn((hlb,)j -f Fel^ = 
Znl^ -f T Bell^. The product is a black powder, resembl- 

ing finely-divided iron, wdiich evolves hydrogen when gently 
h(‘ated, or on treatment with waiter. Its com])osltion is con- 
jc'ctural, for it has not been analysed, and apparently sonu^ 
hydrogen is evolved along with the ethylene 

Metallic iron absorbs a small (juantity of hydrogen gas if 
exposed to it in a finely-divided condition. Meteoric iron has been 
found to contain 2*85 times its volume of gas, containing 80 pc'r 
cent, of hydrogen Similar results have not lieen obtained 
with chromium, manganese, or cobalt; but nickid, in the porous 
state, if made the negative electrode of a buttery, absorbs about 
165 times its volume of hydrogmi, losing it gradually in the 
course of a few days. If it be recharged several times, it falls to 
powder.f 


* Troost and Hautefeuille, Comptes readns, 78, 807. 
t Kaoiilt, Comptes rendasy 69, 826. 
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Vanadium absorbs about 1 3 per cent, of its weight of hydrogen, 
forming a compound which oxidises easily in air. 

A hydride of niobium, of the formula NbH, is formed by the 
action of sodium on niobifluoride of potassium. It is a black 
powder, soluble onl}" in hydrofluoric acid and in fused hot potas- 
sium hydroxide.* 

Rli odium and ruthenium do not appear to combine with 
hydrogen; but palladium may be made to absorb as much as 
93b times its volume, or 4*68 per cent of hydrogen, when made 
the negative pole of a battery by which dilute sulphuric acid is 
being electrolysed. The specific gravity of the palladium is 
thereby reduced from 12 38 to 11*79; and it becomes magnetic, 
implying that solid hydrogen is magnetic. This affords a means 
of determining the specific gravity of solid hydrogen, on the 
assumption, which is nearly true in most instances, that the 
specific gravity of an alloy is the mean of that of its constituents. 
It is 0 62 at 15°. From the sodium alloy, Na 2 H, it is 0 63. t The 
specific heat of solid hydrogen can also be calculated on a similar 
assumption. The following results were obtained : — 

Sp. lit 4 49; 8 87; 4*09; 8 31; 4 08; 4 96; 5*76; 4 06, 4 16; 9*10; 4*58; 
6 02 ; 4*82 ; 6 55 ; 4 34. 

The mean result is 5*7. J It will be seen that the atomic heat 
of hydrogen may lie near that of other elements — about 6*2. 

This alloy, § which has been supposed to contain the metal 
“ hydrogenium/’ as it was termed by Graham, resembles palla- 
dium in colour. It loses its hydrogen when heated, best in a 
vacuum. The hydrogen possesses very active properties, resembl- 
ing those which it possesses in the nascent state ; thus it combines 
directly in the dark with bromine and with iodine ; reduces 
mercuric chloride to mercurous chloride, ferric to ferrous salts, 
&c. The alloy approximates in coiuposition to that expressed by 
the formula Pd.H, but it appears to absorb hydrogen in excess, 
which is not chemically combined, but in a state of mixture. To 
this phenomenon Graham gave the name “ occlusion.” The metal 
platinum has also the power of occluding gases. “ Platinum 
black,” produced by dissolving platinous chloride, PtCb, in caustic 
potash, adding alcohol gradually to the hot liquid, and washing 
the precipitated metallic powder successively with alcohol, hydro- 

* Kriiss, Berichte^ 20, 169. 

t Troost and Hautefeuille, ihid.^ 78, 968; also Dewar. Phil Maa. ^41 47. 
324. 

it Roberts and Wright, Chem Soc , 26, 112. 

§ Gtraham, Boy, Soc. Proc.y 16, 422; 17, 212, 500. 
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chloric ffcid, caustic potasli, and distilled water, so as to remove all 
foreign substances, has the power of absorbing hydrogen in greatci* 
quantity than compact platinum It also absoi-bs about 250 tinu's 
i^s volume of oxygen, and when introduced into a mixture of these 
gases, it causes their combination “ S()ongv platinum,” pre- 
jiared by igniting' ammonium jilatinichlonde, (NH 4 )^PtCl(„ has a 
similar powuu* iii less degri'c. If a jiit of hydrogen be directed on 
it, it grow's r('d hot, and inflames the hydroL''eii. A recent 
application of this powun of causing the combination of such gases 
has been a^qilied to th'‘ direction of firc-danip (mainly CMl() in 
mines The bulb of a thermometer, coated with tincl\ -vli vuh'd 
})latinuni, or better, palhidium, registers a sudden rise of tempcr.i- 
tnro when it is brought int ) a mixture of niar>h gas and air 

CuH, or Cu.Ho copper hydride,* is a hiowm powuler, pio- 

diu*t‘d by adding to «i strong solution of cojiper siil[dmt(' a solution 
of hydrogen hypo])hosphite, lliPO^, made by adding sul])huric acid 
to a solution of baiiuui h^ ]) 0 [)hos])hite It (h'compiASt's rajiidly 
betwmui 55° and bO’; it is attacked by hydrochloric acid, giving 
cuprous chloride and liydrogen, thus 

CuH 4- 2H(h.Aq = CnVA U(d Aq + Jf, 

Alloys of lithium, sodium, potassium, and ammonium. — 

Lithium, sodium, and potassium mix with each other in all fu'o- 
portions. Alloys ot sodium and jiotassium, cont aining 10 to 2)0 [ler 
cent of tlic latter, arc li({aid at 0"^, and have v(*ry high surf.ici* 
tension 

Sodium dissolve's in lujuid ammonia, forming an op.nim' Inpiid, 
with co])})cry inct<illio lustu', said to hav(' the f(*rmuhi Na 2 N 2 Hh ,t 
It has bc'cn mimed sodammonium, and is supposed to be the 
an.iloguc ot the uiidiscovcicd N^IIh, diammoiiiiim With excess of 
animoJiia a him; liquid is formed. This substanci', iclcascd from 
pressure, dc*[)osits s(/dium ; it can hardly be a simple solution of 
that metal in li(|nid ammonia, for, if so, it is the only instance of a 
metal dissolving in a compound without chemical action. 

The following alloys of the elements have hcen examined (to 
economise spac*e, s} mhols are here employed; w'here indices ari' 
givmi formuhe liave been ascribed): — 

Na, Zn. — Zinc is insoluble in sodium ; hut they may bo mixed 
together. 

Na, Cd .—-Sodium dissolves about 3 per cent, of cadmium. 

Na, In. — Mix easll 3 ^ Na, Tl.— Mix easily. 

* Wiirtz, Annalcs (.H), It, 251 

t We}l, Poyy. , 121, 607, 123, 365; also, Seeley, Chem. News, 22, 317 

2 !■ 



KFCof find KPej — More fusible than iron; prod ucedJ)y heat- 
ing* iron sesfjuioxide with potassium tartrate. Sodium 
alloys are similarly made. 

Na^ Pb ; K, Pb. — Similarly produced ; Na, Pb alloys are 
malleable and bluish ; those of K, Pb are white, brittle, and 
granular. Lead is insoluble in melted sodium. 

Na, Sn; K, Sn.— S imilarly prejiared ; Avhite and brittle. 

Na, Bi; K, Bi. — Similarly pre])aT*ed ; white and brittle. 

Na, Pt; &c. — ]\l(!fals of the platinum groii]) are attained at a 
red heat by sodium or potassium. 

Na, Ag . — Silver is insoluble in melted sodium, 

Na, Au. —Sodium dissolves about one-third of its weight of 
spongy gold ; the alloy is white, and harder than sodium. 

Li, Hg.^ —Lithium amalgam is ])roduced by mixing the metals, 
or by ele(d;rolysing a concentrated solution oi lithium 
chloride with mercury as the m'gative ])ole. It crystallises 
in needles, and is at once acted on liy water 

Na, Hg. — Prepared by mixture; best umhuMi layer of heavy 
])araffin ; much heat is evolved by the union. When it 
contains under 1 5 per cent, of sodium, it is liquid; over 
that percentage, solid. It is much employed as a source of 
nascent hydrogen in alkaline solution. It is slowly attacked 
by water; but (juickly by ddute acids. 

K, Hg; Rb, Hg . — Similarly prepai*ed, and similar in proper- 
ties. Loth crystallise in needles. Rb, Hg may be pi*e- 
pai’cd like Li, Hg. 

NH 4 , Hg (?). — A buttery metallic mass, produced by the action 
of Na, Tig on ammonium chloi'ide. Its difference in pro- 
perties from metallic mercury would lead to the supposition 
that it contains the ammonium group ; but it is very un- 
stable, and splits quickly into mercury, and ammonia and 
hydrogen, which are evolved. It may be frozen, and then 
forms a solid bluish-grey lirittle metal. A similar spongy 
bismuth compound may be prepared. 

Ca, Zn.— A white alloy, containing from 2 6 to ()*4 per cent, of 
calcium, produced by heating togelher calcium chloride, 
zinc, and sodium. It does not decompose cold water, and is 
not appreciably tarnished by air. 

Ca, Al. — Similarly prepared ; white ; contained 8’6 per cent, 
of calcium. 

Ba, Al. — Similarly prepared ; white ; contained 24 to 36 per 
cent, of barium. It easily decomposes cold water. 
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Ba, J^e. — Lead -col mired ; prepared by direct union; very 
oxidisable. — Ba^ Pd ; white. 

Ba, Ft. — Bronze metal falling to red powder. 

Ca, Hg ; Sr, Hg ; Ba, Hg. — Produced by electi*olysis, like 
lithium amalgam. The hrst contains very little calcium, 
the second is somewhat richer, and the third may easdy be 
obtained crystalline. Barium amalgam is also produced by 
shaking a solutum of barium chloride with sodium amalgam ; 
it IS pasty and crystalline. Kven at a white heat it i-etains 
77 per cent, of mercury Ba, Sn and Ba, Bi have been 
siniihirly ])r(^pa3*('d . 

Mg, Zn; Mg, Cd ; Mg, Al; Mg, Tl; Mg, Pb; Mg, Sn; 
Mg, Sb ; Mg, Bi ; Mg, Pt ; Mg, Ag ; Mg, An ; and Mg, Pt 
have been ])repai*ed. They ai*c brittle, Icardm- than the 
constituent mclahs, and have a granular fracture. TIk'v 
ai*e all (\asily oxidised. Iron and cobalt arc said not to alloy 
with magnesium, hut the addition of a little magiu'sinm to 
nu*kel lowers its melting point, find nmders it ductile and 
malleable. This discovery has greatly iiun'easod the uses of 
nickel. Magnosium dissolvcxs in imu'oury. 

Zn, Cd. — Zinc and cadmium mix in all pro[)ortion8 

Zn, Tl. — A soft white alloy. 

Zn, Fe.— Iron and zinc do not easily unite But iron may bo 
“ ma.] vanized,” that is, coated wdth zinc, by ])assing it tli rough 
a hath of zinc kept melbal under a coating of ainnionium 
chloride. The iron must ho tirst scrupulously clcamal with 
acid, and polislu'd fii\st with sand, tlnni with bran. “Gal- 
vanized iron ” IS used for rooting, and lor utensils of various 
kinds. The zinc does not ca.sily oxidise, but if, owing to 
imperfect coating, oxidation takes place, the zine oxidises 
and not the iron 

Some iron dissolves in the zinc, whi(;h is then known 
as “hard spelter;” it is purified by distillation. 

Zn, Sn. — An alloy of 9P5 per cent, of tin with 8 3 per cent, of 
zinc is perinarnmt; other alloys “liquate,” that is, when 
heated on a sloping bed, the more easily fusible tin melts 
and runs down, leaving the less tusible ziiie behind. 

Zn, Sng, Pbo. — An alloy made in these proportions melts at 
1G8A 

Zn, Pb.— Hard( r than lead. Lead dissolves only 1*2 per cent, 
of zinc ; and zinc only 1*6 per cent, of load. A process for 
desilverising lead is based on this fact. The lead contain- 
ing silver is mixed mechanically with zinc, and the mixture 

2 p 2 
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is stirred. The silver is carried up by the zinc, which floats. 
The zinc solidilies at a higher temperature tiiau the lead, 
and the cake of zinc is removed and distilled ; the silver 
remJiins behind. The lead is easily freed from zinc by 
oxidation ; the zinc is removed as dross. (Parke’s process 
for desilverising lead.) 

Zn, Pb, Bi. — An nlloy containing equal parts by weight of 
each melts under boiling water. 

Zn, Bi. — Zinc dissolves 2 4 per cent, of bismuth ; bismuth 
from 8‘6 to 14 3 per cent, of zinc. 

Zn, Ru. — Hexagonal prisms, burning when heated in air. 

Zn, Rh. — Rhodium melted, zinc added, and excess of zinc 
removed by treatment with hydrochloric acid. A white 
crystalline compound. 

Zn, Pt.— S imilarly prepared. Zinc and platinum unite with 
incandescence. The compound is very hard, and bluish- 
white in colour. It fuses easily. 

Zn, Cu. — Brass, pinchbeck, Muntz metal, tombac. Produced 
by melting copper and adding zinc. Copper may be 
superficially coated with brass by exposing it to zinc-vapour. 
The colour of brass and tombac is yellow, resembling gold. 
Brass tarnishes in aii, but it may be protected by “lacquer- 
ing,” that is, coating it witli a varnish made of shellac 
dissolved in alcoliol, and coloured with gamboge. It is 
harder, not so tough, and moi*e easily fusible tlian copper, 
and is ductile and malleable. English brass contains usually 
70 per cent, of copper and 30 ])er cent, of zinc; pinchbeck, 
86 per cent. Cu and 14 per cent. Zn ; Muntz metal, used 
for castings, axle-bearings, <^,c., 66 per cent. Cu and 84 per 
cent. Zn ; tombac, 86 per cent. Cu and 14 per cent. Zn ; 
and bronze powder, for imparting the appearance of bronze 
to castings, &c., 88 per cent. Cu and 17 per cent. Zn. 

Zn, Cu, Ni. — “German silver.” A white alloy, hard, malle- 
able, and ductile. Contains Cu, 62 per cent., Zn, 23 per 
cent., Ni, 15 per cent. Used for coins. 

Zn, Ag.— A malleable, permanent alloy. 

Zn, Au. — Zinc alloys easily with gold. An alloy of 11 parts 
of gold to I part of zinc is greenish-yellow and brittle; of 
equal parts is w'hite and hard ; and of 2 parts of zinc with 
1 part of gold, hard, and wdiiter than zinc. 

Zn, Hg. — Easily prepared. It is not attacked by dilute sul- 
phuric acid; hence zinc battery plates are amalgamated. 
Until they are made the negative pole of the battery, hydro- 
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gc^n is not evolved. The compound Zn^Hg is produced 
by electrolysing a solution of zinc chloride with a mercury 
electrode; and by squeezing a saturated zinc amalgam the 
compound Zn.^Hg is said to remain. 

Cd, Pb; Cd, Sn. — Malleable white alloys. — Cd^Tl, white and 
crystalline. 

Cd^Pt. -A white granular very brittle compound, prepared 
like the compound ZnPt. 

Cd, Cu. — Brittle and whitish-red. Cd, Ag. — An alloy of 2 
parts of cadmium with 1 part of silver is malleable and 
tenacious; with 1 pai t of cadmium with 2 of silver, is 
brittle. Cd, Hg. — Cadmium amalgamates easily. An 
amalgam containing 21 per cent of cadmium is brittle; 
alloys with more cadmium are malleable and very tenacious. 

Al, Tl.-' A soft dull-coloured alloy. 

Al, Fe. — An alloy containing as much as 11*5 per cent, of 
aluminium is made by the Cowle’s process of heating corun- 
dum (native oxide of aluminium) by the electric arc in a 
chamber along with charcoal, previously soaked in lime- 
water and dried, so as to prevent its conducting ; scrap iron 
is present, which boils at the enormously high temperatuiv 
of the arc, and washes down the aluminium, forming an 
alloy. It has been shown that this process does not depend 
on electrolysis, because an alternating current, which is 
incapable of electrolysing, yields equally good results. The 
alloy is named “ ferro-aluminium,” and is employed as 
follows : a quantity of nearly pure iron (fine wrought iron, 
containing but little carbon) is heated to its point of fusion, 
and enough ferro-aliiminium is added to give a percentage 
of about 01 of aluminium to the total mass of iron employed. 
The melting point of the iron is thereby greatly lowered, it 
is said as mucli as 500°, and the iron is then directly em- 
ployed for castings. Another noteworthy point is that iron 
containing even such a small proportion of aluminium 
retains the carbon in combination until it is just on the 
point of solidifying, and then rejects it almost completely to 
the outside. Castings made thus are very fine grained, and 
show no porosity. Such iron is named “ mitis-iron.” An 
alloy possessing the approximate composition AlFei is very 
hard, and may be forged. 

Al 3 Mn. — This alloy is apparently of definite composition ; it 
forms square-based prisms. 
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A1 Nig. — Large shining crystals, also of definite competition, 

Al, Ti. — Brilliant brown iridescent crystals. 

ALZr; or including silicon (Al 3 Zr) 2 Si. — Crystalline lamime. 

Al, Sn. — Aluminium and tin alloy in all proportions ; if the 
alloy contains from 7 to 19 per cent, of aluminium it is 
ductile, if over 30 per cent., it is brittle. 

Al, Pb. — Aluminium and lead do not alloy. 

ALNb and ALTa. — Crystals with metallic lustre; hard and 
brittle. 

AI 4 W. — Hard brittle grey ortho-rhombic crystals. 

Al, Cu. — “Aluminium bronze.” These alloys are blue- white 
when they contain little copper, and gold-coloured to red 
when the copper predominates. That with 60 — 70 per cent, 
of aluminium is brittle, very hard, and crystalline; with 30 
per cent., soft ; with under 30, it again becomes hard ; an 
alloy with 20 per cent, is so brittle that it may be powdered 
in a mortar. Alloys containing from 11 to per cent, of 
aluminium possess great tenacity, malleability, and ductility, 
and may bo easily worked. They resemble gold in colour. 

Tl^Sn. — White, difficult to fuse. TLPb. — Soft and non-crys- 
talline ; lead-coloured. T^Sb. — Hard, and not permanent 
in air. Tl, Bi. — Greyish-red, soft, and fusible. Tl, Cu.- - 
Brass coloured, soft ; may be cut with a knife. TLHg.^ — 
Of butter-like consistence. 

Or, Pe. — ‘‘Ferro-chrome.*’ Produced by simultaneous reduc- 
tion of a mixture of the oxides, e.g , of a mixture of chrome 
iron ore and hcematite. The alloy resembles iron in appeai*- 
ance. It is used for addition to iron, which it renders very 
hard, and especially adapted for cutting instruments, as it 
can be easily tempered. 

Or, Mn. — Very hard, and only slowly attacked by nitro-hydro- 
chloric acid. 

Mn, Fe. — “ Ferro-manganese.” Produced by simultaneous 

reduction of oxides of iron and manganese ; resembles iron 
in appearance. It is used for addition to metallic iron, to 
which it communicates valuable properties. An iron con- 
taining about 10 per cent, of manganese crystallises in large 
brilliant plates, and is known as “ spiegel iron,” or “ speculai* 
iron.” The presence of manganese in steel causes it to harden, 
however slowly it is cooled ; and if much manganese he 
present, the iron loses its magnetic proper ties. “ Hadfield’s 
manganese steel,” containing from 7 to 20 per cent, of man- 
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^anese, is so hard that it cannot be filed; yet it is ductile, 
and may be drawn into fine wire. It is very tenacious. 

Pe, Co. — A hard, very compact alloy. 

Pe, Ni. — The presence of 3 to 10 per cent, of nickel in iron 
renders it harder and more brittle. 

Pe, Ti. — Is present in some pig-irons. 

Pe, Sn. — A very brittle alloy. 8ix parts of tin and one oF 
iron forms a hard white metal. Iron is “ tinned ” by 
plunging scrupulously clean plates (see Zn, Fe) into 
molten tin, kept liquid under a layer of grease. It is left, 
for some time, withdrawn, passed through rollers, and 
passed quickly through a fresh bath of tin, to destroy the 
crystalline foliated appearance of the first coating. Wh ere 
such a “ moire” effect is required, it may bo produced by 
brushing the surface of the ‘‘tin plate” with weak nitro- 
hydrochloric acid. Such tinned iron resists the action of 
moist ail* ; but, as the coating of tin is seldom quite perfeef, 
galvanic action' begins after some time, and the iron is 
oxidised. Hence “ tinned iron ” does not last so well, and 
is not so generally applicable as “ galvanised iron.” An 
alloy of 5 per cent, of iron, G per cent, of nickel, and 
89 per cent, of tin is used under the name “polychrome ” 
for tinning copper. It adheres easily to iron. 

Pe, Pb. — Iron may be similarly coated with lead. Cubes of 
the formula PePb^, of a brass yellow colour, have been 
found in cracks in the hearth of a blast furnace. Iron amt 
lead alloy ; the product is very hai*d ; and may be fused at 
a white heat. 

Fe, Ta. — Very hard; scratches glass. Hot ductile. 

Fe, Sb. — “lieaumur’s alloy.” Very hard, molting at a white 
heat. It is produced hy melting together under charcoal 
70 per cent, of antimony and 30 per cent, of iron. 

Pe, Mo. — Greyish-blue, brittle, with granular fracture. 
Difficult to fuse. 

Pe, W. — Whitish-brown, and compact. Alloys with more 
than 10 per cent, of tungsten do not fuse. An alloy has, 
however, been prepared with 80 per cent, of tungsten. It 
is very hard, and contains 5 per cent, of carbon. Tung- 
sten is sometimes added to steel, in order to render it 
hard. 

Pe, Rh. —These metals alloy easily. Steel, containing a little 
rhodium, is greatly improved in quality. An alloy con- 
taining more rhodium takes a high polish. 
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Pe, Pd. — One per cenfc. of palladium in steel renders it very 
brittle. 

Fe, Pt. — Easily formed. The alloy takes on a high polish, and 
is very unalterable. One containing 9 parts of steel to 
4 of platinum is ductile and hard. ^ 

Fe, Cu.— L ^on alloys with copper in all proportions. An alloy 
of 2 parts of copper and 1 part of iron is of a greyish-red 
colour and very tenacious. The presence of 1 or 2 per 
cent, of copper in steel renders it brittle. 

Pe, Ag.-A small quantity of sdver in steel renders it hard. 

Pe, Au. — The metals alloy easily. An alloy containing 1 part 
of iron and 12 parts of gold has a pale-yellow colour, and is 
very ductile. One containing 1 part of iron to 6 of gold is 
known as “grey gold,” and is used by jewellers. 

Fe, Hg. — Mercury and iron do not unite directly. But in 
presence of sodium, mercury alloys with iron. The amalgam 
may also be prepared by electrolysis (see Zn, Hg). It is 
insoluble in mercury, and soon splits into its constituents. 
The residue, after squeezing the excess of mercury through 
chamois leather, is said to have the formula PeHg. 

Mn, Pb. — Hard and ductile. 

Mn, Sn; Mn, Cu ; Mn, Ag; Mn, Au. — Manganese easily 
forms these allo\ s. They resemble the corresponding 
alloys of iron. That with copper is reddish-white, and 
malleable. 

Mn, Hg . — Produced by shaking a strong solution of manganese 
dichloride with sodium amalgam, or by electrolysis. It is 
grey and crystalline, and soluble in mercury. 

Co, NL — The metals alloy easily, forming a brittle white 
metal. 

Co, Pb. — This alloy is brittle ; when fused it separates into 
two layers. 

Co, Sn. — Bluish-white, somewhat ductile. 

Co, Sb. — Easily prepared ; grey and brittle. 

Co, Pt. — A fusible alloy. Co, Cu. — Brittle dull-red alloy. 

Co, Ag . — Brittle ; when fused, separates into two layers. 

Co, Au. — An alloy of 1 part of cobalt and 19 of gold is very 
brittle, and has a deep-yellow colour ; even 1 part in 130 of 
gold renders it brittle. 

Co, Hg . — Prepared like manganese amalgam. White and 
magnetic. 

Ni, Sn. — Hard white brittle alloy. Ni, Pb, — Grey brittle 
lamina3. Ni, Bi. — Ditto. 
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Ni,^>d.-A brilliant alloy, capable of bigli polish ; very malle- 
able. It absorbs 70 times its volume of hydrogen. 

Ni, Pt. — Whitish-yellow ; as fusible as copper. 

Ni, Cu. — An alloy containing 10 parts of copper to 4 of 
nickel is silver- white. The alloy containing zinc in addi- 
tion is Geiman silver (see Zn, Ni, Cu). 

Ni, Ag. — A malleable alloy. Ni, All. — Hard, very malleable, 
and ductile, yellowish- white, and capable of a good polish. 

Ni, Hg . — Like cobalt amalgam. 

Sn, Pb. — “ Solder,’^ “ Pewter.” — Alloys of tin and lead are 
harder than tin. Plumbers’ solder, for soldering lead 
pipes, &c., contains 66 per cent, of lead and IVA per cent, of 
tin; tinsmiths’ solder consists of e(]nal weights of both. 
Lead and tin may be mixed in all proportions. Pewter, 
much used for drinking vessels, tajis, &c., consists of 
80 per cent, of lead and 20 per cent, of tin. The tin pro- 
tects the lead from the action of acid liquoi’S. Pewter 
sometimes consists almost entirely ()f tin, with a litth' 
copper to give it hardness. Britannia metal” consists 
of equal parts of brass, tin, antimony, and bismuth , 
“ Queen^s metal” of one part each of antimony, lead, and 
bismuth, and 9 parts of tin. 

Sn, Pb, Bi. — Alloys of the.se metals, to which cadmium is some- 
times added, have very low melting-points, and are hence 
termed “fusible alloys.” The following is a list: — 

Newton’s. Darcet’s. Rose’s. Wood’s. Lipouitz’s. 


Sn 3 1 207 2 4 

Pb 5 1 23r» 2 8 

Ri 8 2 420 7 to 8 15 

Cd — — -- 1 to 2 3 

M. p 94 5’ 80—90'’ GO- 71° G0° 


They are used for safety taps, to prevent excess of pressure in 
boilers, or to melt and allow the escape of water in case of 
fire. 

Sn, Sb. — A hard white sonorous alloy; when composed of 
1 part antimony to 3 parts of tin, it is somewhat malleable, 
but is apt to crack. 

Sn, Bi. — A hard, brittle alloy. 

SnsRu. — Prepared like the rliodinm alloy. 

SngRn. — Produced by direct union ; cubical crystals, re- 
sembling bismuth. 

SnaRll. — Brilliant crystals left on treating tin containing 
3 per cent, of rhodium with hydrochloric acid. 
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SnRh. — Brilliant black crystals of tbe formula given. ^ 

SnPd. — Brilliant scales, corresponding to the formula. 

Slljlr. — Similar to the rhodium alloy. 

Sn^Ir. — Cubical crystals. 

Sn 4 Pt. — Dilute hydrochloric acid on an alloy of tin and 
platinum, containing not more than 2 per cent, of the 
latter. 

SllaPts . — W hite brilliant fusible laminae, consisting of small 
cubes. 

Sn, Cu. — Bronze, speculum metal. — This alloy has been 
known for ages, and was produced by reducing copper and 
tin ores at one operation. For bells, 8 to 11 parts of tin 
and 100 parts of copper are employed. With more than 
11 per cent, of tin, the alloy is malleable if quickly cooled, 
and may be fused at a red heat. A common alloy consists 
of 22 parts of tin and 78 parts of copper. The hardness 
of bronze is greatly increased by the addition of a small 
amount of phosphorus, as copper phosphide. Speculum 
metal for astronomical mirrors consists of 32 per cent, ol 
tin, 67 of copper, and 1 of arsenic. It is susceptible of 
very high polish. The tin may be “liquated’’ out 
of such alloys. Copper cooking vessels are often protected 
against corrosion by “ tinning.” The copper is cleaned 
by scouring with ammonium chloride, or better with the 
double chloride of zinc and ammonium. The tin is then 
run over it, and the excess poured out. A thin coherent 
coating covers the copper. 

Sn, Ag. — Tin alloys in all proportions with silver, forming 
hard white alloys ; on liquation, however, the tin is 
removed. 

Sn, Au. — This alloy is whitish-yellow and brittle. 

Sn, Hg . — An amalgam of I part of tin with 10 of mercury is 
liquid ; one with 1 part of tin and 3 of mercury crystallises 
in cubes. This alloy is employed in silvering mirrors ; also 
for coating tVie rubbers of frictional electrical machines. 

Pb, Sb. — Type-metal. — Type-metal consists of lead containing 
17 to 18 per cent, of antimony. It is a dull-grey alloy, 
much harder than lead ; and it is rendered still harder by 
addition of 8 to 10 per cent, of tin. 

Pb, Bi. — White brittle lamir se. 

Pb, W. — An alloy of lead and tungsten is brown, spongy, and 
ductile. 

Pb, Cu. — Lead and copper do not alloy easily ; the alloy 
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separates into two layers when left in repose. When 
stirred, however, castings can be made. They have a dull 
reddish-grey colour, and are said to withstand the action of 
sulphuric acid. Two or three per cent, of lead added to 
brass makes it less fibrous and more easily worked. 

Pb, Ag . — Most commercial lead contains silver. When allowed 
to cool slowly, nearly pure lead crystallises out, the silver 
remaining in the melted portion. By a systematic procedure 
of this nature, the crystals being separated from the still 
liquid portion, silver is separated from lead (Pattinson^s 
process for desilverising lead). The alloy is white, ami 
harder than lead. It may he freed from lead by cupella- 
lation ; that is, by melting the alloy in a cupel or shallow 
vessel made of hone-ash in a current of air. The lead is 
oxidised, and the oxide is absorbed by the porous cupel, 
leaving metallic silver. 

Pb, All. — Lead makes gold very brittle ; even 1 part in 2000 
greatly alters its malleability and ductility. This alloy is 
produced in the process of cupelling gold. 

Pb, Hg . — Lead amalgam is easily obtained. From a strong 
solution of lead in mercury, crystals separate, which are 
said to possess the formula Pb^Hgj. 

Sb, Bi. — Antimony and bismuth mix in all proportions. The 
alloy, like bismuth, expands on solidification. 

Sb, Cu. — Antimony renders copper brittle; even 0*00015 of its 
weight produces the effect. The alloy of the formula 
SbCu^ used to be known as “ liegulus of Verms,” and has a 
purple metallic lustre. When melted with lead and cooled 
slowly, the upper layer has approximately the formula 
SbCu4, and is nearly white, with vitreous fracture. 

Sb, Ag. — Antimony and silver alloy easily, forming a similar 
alloy. Silver displaces copper from the copper-antimony 
alloy. 

Sb, Au, — One part of antimony to nine parts of gold yields a 
brittle white alloy ; even 0*05 per cent, of antimony 
renders gold brittle. 

Sb, Hg, — Antimony dissolves in boiling mercury, but not to a 
great extent. Crystals separate on cooling. 

Bi, W. — A porous brittle alloy, with dull metallic lustre. 

Bi, Rh. — A white brittle alloy, completely dissolved by nitric 
acid. 

Bi, Pd, — Grey, as hard as steel. 

Bi, Pt, — Bluish fcrittle fusible laminae. 
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Bi, Cu. — Pale red and brittle. 

Bi, Ag . — White, brittle, and crystalline. 

Bi, Au. — Greenish-yellow, granular, and brittle ; 0*05 per 
cent, of bismuth renders gold quite brittle. 

Bi,Hg . — Bismuth easily dissolves in mercury ; a concentrated 
solution deposits crystals on cooling. 

Mo, Pt.— Hard, grey, and brittle. 

W, Cu. — Spongy and somewhat ductile. 

W, Ag . — Brownish- white, somewhat malleable. 

Rh, Pt. — Platinum containing 30 per cent, of rhodium is more 
fusible than rhodium, and easily worked. 

Rh, Cu. — Alloy easily; the alloy is completely soluble in 
nitric acid. 

Rh, Ag . — Very malleable. 

Rh, Au. — Rhodium containing 4 or 5 per cent, of gold is gold- 
coloured, very ductile, and difficult of fusion. 

Pd, Pt. — Grey, hard, somewhat ductile. 

Pd, Cu. — The metals unite with incandescence. An alloy ot 

4 parts of copper to 1 of palladium is white and ductile ; 
one with equal parts is pale-yellow and susceptible of high 
polish. 

Pd, Ag . — Used for dentists’ enamel ; contains 1 part of silver 
to y of palladium. It is grey and harder than iron. 

Pd, Au. — The metals unite with incandescence. With the 
proportion of 1 part of palladium to 6 of gold, the alloy is 
almost white ; with 1 to 4, it is white, hard, and ductile; 
with equal parts, bright grey. 

Os, Ir. — Osmiridium : found native, containing other metals 
of the platinum-group. It forms white scales, is exceed- 
ingly hard, and is used for pointing gold pens, for the 
bearings of small wheels, &c. 

Os, Cu. — Os, Ag. — Os, Au. — Ductile alloys. Os, Hg adheres 
to glass. 

Ir, Pt. — Harder than platinum and less easily fusible. An 
alloy containing about 10 per cent, of iridium is used for 
crucibles, &c. 

Ir, Ag. — Ductile and white. Ir, Au. — Ductile and yellow. 

Pt, Cu. — A ductile alloy, with the colour and density of gold. 
It is used in ornamental jeweller’s work ; the alloy contains 

5 per cent, of copper and 95 per cent, of platinum. 

Pt, Ag. — Less ductile and harder than silver, sometimes used 
for jewellery. Its colour is white. 

Pt, Au. — With 2 parts of platinum to 1 of gold, the alloy is 
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.brittle ; with equal parts, gold-coloured ; with 3 of pla- 
tinum, grey. Gold is used for soldering platinum vessels, 

Pt,Hg . — Produced, like iron amalgam, in presence of sodium. 
If squeezed through leather, the delinite compound PfcHg,. 
remains. When treated with nitric acid, it gives a residue 
retaining 7 to 8 per cent, of mercury, which behaves like 
p 1 a t in u m-bl ack . 

Cu, Ag . — White ; if copper predominates, gold- coloured. All 
alloys liquate, except one of the composition CU2Agi. 
The alloys take a much higher polish than pure silver. 
This alloy is extensively used for coinage English 
“silver” contains 7*5 per ccuit. of copper; its specific 
gravity is 10*20. French money contains copper and zmc. 
Silver-copper allo 3 "S, if cooled slowly, do not remain homo- 
geneous ; the metals separate partially. Silver solder, 
used for soldering jewellery, contains OG per cent, of silver, 
with copper and zinc. 

Cu, Au. — This alloy is used for coins, watidies, jewellery, Ac , 
owing to its greater hardness than gold. The Eiiglisli 
standard is 11 parts of gold to 1 of copper; in France and 
the United States, 9 parts of gold to 1 of copper. Tlu‘ 
alloys are more fusible than gohl itself. Gold sohhn* 
consists of 7) [larts of gold to 1 fiart of copper. The rich- 
ness of a gold alloy is estimated in “ carats 24-carat g’old 
IS pure; 23-carat gold (contains .jirtli of copper. 

Cj, Hg. — Prepared by boiling copper in mercury; by tritu- 
rating finely-divided ciqipiu*, first with mercurous nitrate, 
and then with mercury. When heated, it exudes drops of 
mercury; and if then ground up, it is so soft as to he 
moulded by the fingers ; fmt it speedily becomes hard. By 
[ircssing through leather, the alloy CuHg remains. 

Ag, Au. — Pale greenish-yellow. Found native, and known as 
“ electrum.” Sometimes used for jewellery. It is harden* 
and more fusible than gold ; that containing I part of silvtn* 
to 2 of gold is the hardest 

Ag, Hg. — By placing merenry in a mixture of 2 parts of 
mercuric nitrate with three of silver nitrate, a crysfdline 
growth of silver amalgam takes place, wdiich is sometimes 
called the “ Tree of Diana.” Silver amalgamates readdy 
with mercury ; the amalgam dejirived of excess of mercury 
by squeezing through leather has the formula AgHg2. 
Silver amalgam is nearly insoluble in mercury. 

Au, Hg. — Gold amalgamates readily. Crystals separate which 
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are said to possess the formula AuHg^. They are white, 
and dissolve sparingly in mercury. 

It is seen that very few alloys have definite formulae, and some 
of those which appear to be definite chemical compounds do not' 
possess marked metallic lustre. It is very difhcult to determine 
whether or not an alloy contains a definite compound in solution. 
In a mixture of two or more metals, that alloy which possesses the 
lowest melting point has not a definite formula. The lowering of 
the melting point of a metal appears to be proportional, at all 
events for dilute solutions, to the absolute amount of the metal 
present in smallest quantity, and inversely proportional to its 
molecular weight. Hence, by determining the lowering of the 
melting point of a metal such as sodium due to the addition of 
small amounts of other metals, the relative molecular weights of 
the dissolved metals may be ascertained ; and it appears that, 
assuming the molecule of mercury to be monatomic, an assumption 
which is justified on other grounds, the molecular weights of most 
of the other metals are also identical with their atomic weights. 

Alloys are not electrolysed into their constituents by the 
passage of an electric current ; they are all good conductors ; but 
the conductivity of those which conduct best, such as silver, 
copper, and gold, is greatly diminished by the presence of small 
amounts of other metals. 

It has been already remarked that one of the elements of an 
alloy appears in some cases to be present in an allotropic condition. 
It is noteworthy that, by dissolving out the zinc from an alloy of 
zinc and rhodium, the latter metal should be left in an allotropic 
condition, so unstable, that on rise of temperature a slight ex- 
plosion takes place, and the allotropic rhodium returns to its 
usual form. It appears not improbable that metallic iron is 
capable of existing in two allotropic states : one soft and not 
capable of permanent magnetisation ; while the other form, steel, 
is hard, can be tempered, and remains magnetic for a long time 
after magnetisation. This change is apparently induced by the 
presence of a small amount of carbon. 

Altogether, our knowledge of the chemical nature of alloys is 
very scanty ; but the attention of chemists is again turning to this 
subject, so important both from a scientific as well as from a 
practical standpoint. 
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CHAPTER XXX I V. 

THE RARE EARTHS. — ENERGY RADIATED PROM MATTER ; SPECTROSCOPY; 

CONNECTION OF THE SPECTRA OF THE EI.EMENTS WITH ATOMIC 

WEIGHT. — APPLICATION OF SPECTHITM ANALYSIS TO THE ELUCIDA- 
TION OF THE RARE EARTHS. — SKETCH OK SOLAR AND STELLAR 

SPECTRA. 

The elements and their compounds have now been classified ; and 
it has been seen that the arrangement adopted, that of tlie periodic 
t.ible, has been fairly justified, inasmuch as elements displaying 
similarity, although always offering a regular gradation of pro- 
perties with increase of atomic weight, have fallen into the same 
groups. 

But a number of rare elements, comprising those contained in 
such scarce minerals as orthite^ euxenite, cerite, samarslcite^ and 
(jadolimte^ have been only cursorily alluded to; these elements are, 
yttrium, lanthanum, ytteibium, terbium, didymium, erbium, 
and samarium ; and to this list a number of others might be 
added of even more doubtful individuality, to which the names 
neodymium, praseodymium, decipiurn, phillipium, holmium, 
thulium, dysprosium, and gadolinium have been given. The vState 
f)f our knowledge of these rare bodies is such that it appears 
advisable to consider them in -a separate chapter ; moreover, it is 
the opinion of Lecoq de Boisbaudran and Crookes, two of the chief 
authorities on such bodies, that they do not find their place in tlie 
periodic system of the elements. 

Before they are described, it is necessary to have some acquaint- 
ance with the methods of spectroscopy, and with the nature of the 
vibrations emitted from matter. 

Spectram analysis.* — General considerations . — It has already 
been mentioned (see p. 92) that all matter is in a state of mole- 
cular motion. This motion is of two kinds. Gases, which inhabit 
space great in comparison with the actual volume of their con- 

* See Roscoe’s Spectrum Analysis; Schellen’s Spectral- Analyse^ and the 
original papers to which reference is made in notes to this chapter. 
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stituenfc molecules, Lave great freedom of motion, or, rs it is 
termed, great “free path;” the duration of time in which their 
molecules are in a state of unimpeded motion is great in com- 
parison with that in which they are in collision with neighbouring 
molecules, or with the sides of the containing vessel. But besides 
this “ translat(u*y ’* motion, or motion through space, the molecules 
are permanently in a state of vibratory motion. The true nature 
of this vibrational motion is, however, as yet uncertain. They are 
capable of communicating this vibratory motion to, and receiving 
it from, a medium which pervades all space, termed “ ether.” To 
discuss the nature of “ etiier ” would lead us beyond our province ; 
it may, however, be stated that no form of matter is impermeable 
to ether; and that it docs not appear to be com])arable in nature or 
properties with the usual forms of matter with which we are 
acquainted. The necessity for inferring its existence is obvious, 
however, when we consider that such vibrations are transferred 
across a vacuum, and that they spend time in passing. Light and 
radiant heat are special kinds of such vibrations; and it is known 
that light is not instantaneously transmitted across empty space, 
but travels at the rate of 185,000 miles per second There must 
be something to convey this mol ion — something set into vibration 
by, and communicating its vibration to, material bodies — and this 
medium is called ether. 

The molecules of a gas, being far apart, do not materially inter- 
feie with each other’s vibrations; hence each single molecule 
assumes such rates and modes of vibration as are compatible with 
its structure; and such modes of vibration are transmitted through 
the ether to surrounding objects, which in their turn generally 
take up and exhibit vibrations of similar rates and modes to those 
of the gaseous molecules which incite them. 

Such vibrations are, howev^er, of varying frequency ; each dif- 
ferent kind of vibiating molecule having its own special rate or 
I'ates of vibration. When a vibrating molecule causes waves in 
the ether which pass any stationary point at a rate greater than 
20 million-million per second, it produces effects of sensation, of 
expansion, &c., which we term heat. If they pass at a rate greater 
than 392 million-million per second, they affect chemically the 
compounds composing the lining membrane of the retina of the 
eye, and we have then light ; and it is possible to recognise vibra- 
tion as frequent as 4000 million million per second, by their effect 
on certain other compounds, notably the salts of silver, and to 
vibration of such wave-lengths is given the name “actinic.” To 
refract such exceedingly rapid vibrations, quartz prisms must be 
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used, fo^ they are absorbed by glass. But it must not be supposed 
that there is any difference in kind, but only in frequency, between 
vibrations to which we give these different names. 

Our eyes, then, are capable of distinguishing as light 
t^ibrations whose number lies between 392 million-million and 
757 million-million per second. Now, as we know the velocity 
of light, and the number of vibrations per second, the length of n 
wave capable of exciting any definite vibration is easily calculated ; 
it is, expressed in millimetres, the velocity of light in millimetres 
per second, divided by the number of waves per second. Thus 
the wave-length of the slowest visible vibration is 766*7 millionths 
of a millimetre ; and of the fastest visible, about 397 millionths of 
a millimetre. Waves of ether of different lengths produce on us the 
effect of colour. Red light, for example, is caused by waves of 
about 686 millionths of a millimetre in length; yellow light, by 
waves of 589 millionths of a millimetre long ; green, by waves of 
527 millionths of a millimetre ; and blue, by waves of 486 millionths 
of a millimetre ; while waves of 405 millionths of a millimetre 
produce the impression of violet light. The result of the im- 
pinging on the retina of waves of all visible wave-lengths is to 
produce what we term white light. We can give no corresponding 
names to waves capable only of inciting a rise of temperature, or 
of only producing chemical action ; they must be distinguished by 
the number indicating the particular wave-length referred to. 

Such waves are propagated more quickly through some media 
than through others ; they pass more rapidly through gases, such 
as air, than through glass, or quartz, or liquids. If they fall on 
thick plates with parallel surfaces at right angles to that direction 
of their propagation, they merely undergo retardation, while they 
pass through the medium ; but if they fall on such plates at any 
angle (not a right angle) to the surface, the ray is bent or refracted 
during its passage through the plate, returning to its original 
direction on issuing from its other surface. If, however, they fall 
obliquely on a prism, that is, a block of glass or other transparent 
material of triangular section, they are doubly bent, both on enter- 
ing and on issuing. 

But white light, or, to speak more generally, radiant energy, 
consists of vibrations of all conceivable rates ; and it is known that 
those waves whose frequency is most rapid are more refracted 
during their passage through a prism than waves of less frequent 
vibrations ; and they are therefore bent through a more acute 
angle, or, to express it in the usual language, they are more power- 
fully refracted than those of less frequency. Hence it happens 

2 Q 
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that white light, when passed through a prism, is sorted (ji,at into 
coloured lights ; violet light with its rapid vibrations being more 
bent than red light. Now, if the ray of light passing through the 
prism comes from a circular aperture, say in a window shutter, 
and is homogeneous, that is, consists of waves of some definite 
frequency, the result will be that an image of the circular aperture 
will be projected on a screen placed to receive it. If white light 
conies from a circular aperture, then a number of coloured circles 
must appear on the screen. But the number is practically infinite ; 
hence these circles will overlap each other, except at the ends of 
the image ; there the light will appear coloured, the outside colour 
being red at one end, and violet at the other (see Fig. 51) ; but the 
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major part of the image will appear white, owing to the over- 
lapping of the coloured light. To obviate this, a slit is used as the 
aperture ; and an infinite number of narrow parallelograms are thus 
thrown on the screen. The finer the slit, the less the mixture of 
waves of different frequency on the screen ; and though overlapping 
cannot entirely be avoided, it may be greatly reduced. The 
resulting image is termed a spectrum, and is shown in Fig. 52. 

It has been stated that when the molecules of a gas are so hot 
as to emit radiant energy which can be observed, the vibrations 
which they perform are of certain definite frequencies, inasmuch 
as they are seldom interfered with by collision. It is otherwise 
with a solid, or with a liquid. In them the molecules are so closely 
packed as to leave little room for independent motion — they possess 
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small fijee path. It therefore happens that no molecule is free to 
oscillate or vibrate without interference from its neighbour mole- 
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cules ; Lence, while each molecule tends, no doubt, to execute vibra- 
tions of such frequency and character as correspond with its indi- 
vidual nature, it is forced to execute vibrations of different periods. 
Hence (to confine ourselves to light) ah incandescent solid or liquid 
emits light of all visible wave-frequency, that is, of every visible 
colour. But, at temperatures at which they first become luminous 
(about 550°), they emit dark-rod light, and are said to be “ dull red- 
hot.” With rise of temperature, they emit yellow along with red 
light, and are said to be “ bright red-hot at still higher tempera- 
tures green and blue light is emitted, and they are then ‘‘ white-hot ; ” 
and it may be noticed that the electric arc-light is blue in colour, 
owing to its intensely high temperature. The spectrum of most 
radiating solids is a “ continuous ” one, that is, it is composed of 
light of all possible wave-lengths. The solar spectrum, due to that 
immense mass of incandescent matter, the Sun, is mainly of this 
character, but it is crossed by various dark lines, implying absence 
of waves where they occur, the nature of which will be afterwards 
described . 

Such spectra appear to depend on the complexity, as well as on 
the near neighbourhood, of the molecules. It is probable, from 
what we know of dissociation, that a high temperature will split 
complex molecules into simpler ones, and that the spectra of the 
simpler molecules will themselves be simpler. But just as it is 
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possible to touch a stretched wire, like a piano- wire, so that its 
fundamental vibration alone is audible, or to cause it to vibrate 
strongly, when unpleasing over-tones or higher notes are pei*- 
ceived, so it is^probable that a high temperature may cause vibra- 
tions in a simple molecule, which are unperceived, owing to their 
small intensity, at lower temperatures j and certain spectra become 
more complex when the gaseous bodies emitting them are strongly 
heated. 

The spectra of the elements lithium, sodium, potassium, rubi- 
dium, ceesium, calcium, strontium, barium, boron, gallium, thal- 
lium, and some others, become visible when a compound of the 
metal (preferably the chloride, owing to its volatility) is heated in 
a Bunsen’s flame in a loop of platinum wire. The accompanying 
woodcut* (pp. 596 and 597) reproduces some of these spectra in 
black and white ; the wave-lengths in millionths of a millimetre 
are given, and also the letters which are employed to denote the 
principal lines of the spectra. 

If the temperature be higher, that of the electric spark for 
example, different spectra are produced. To render such spectra 
visible, one of the secondary wires from a Riihmkorff’s coil is 
connected with a platinum wire, which is placed about 0*2 mm. 
above the surface of a solution of the chloride of the element to 
be tested, while the other wire, also with a platinum terminal, dips 
in the liquid. Sparks pass from wire to liquid, and vice versa, and 
some of the dissolved solid is volatilised and heated to a high tem- 
perature. The spectra may then be observed. They are shown 
in Fig. 54, 

(For convenience of reference, the colours corresponding to 
certain wave-lengths are given f: — Red, 686 yellow, 589 fi', 
green, 527 blue, 486 fi\ violet, 405 fi,) 

It is seen that, while in some cases the spectrum is more com- 
plex, in other cases it is simpler. 

Method of determining atomic weights by means of 
spectra. — By means of the spark spectra, it has been found 
possible by Lecoq de Boisbaudran to predict the atomic 
weights of certain elements.J The method of calculation will 
be shown for that of the recently discovered element germanium. 

There are two brilliant lines in the spark spectrum of silicon, 
and also of its fellow elements germanium and tin ; and also in 

* Copied from Spectres lumineux, by M. Lecoq de Boisbaudran, Pans, 
1874. 

t fi denotes one millionth of a millimetre. 

X Chem. News, 1886 (2), 4. 



SPECTRUM ANALYSIS, 


599 



Fi&. 54. 




600 


SPECTEUM ANALYSIS. 



Fia. 




SPECTEUM ANALYSIS. 


601 


those of aluminium, gallium, and indium, three corresponding- 
elements belonging to the previous group of the periodic table. 
Theiy wave-lengths are as follows (X = wave-length in millionths 
of a millimetre) : — 



Si. 

Ge. 

Sn. 

Al. 

Ga. 

In. 

Ist line. ... \ = 

412*9 

468*0 

563 *0 

— 

— 

— 

2nd line ... X = 

389*0 

422 *6 

452*4 

— 

— 

-- 

Mean wave-length 

401*0 

445*3 

507*7 

395*2 

410*1 

430 *6 


The atomic weights of these elements of which that constant is 
known are. Si = 28; Ge ? ; Sn = 118; A1 = 27'5 ; Ga = 69-9 ; 
In = 113*5. Comparing the differences between the atomic 
weights of the members of both series with those between the 
mean wave-lengths of their two characteristic rays, the following 
table results : — 


Atomic weights. 

A. 

Variations. A(mean). 

A. 

Variations. 

Si 

Ge . . 

: T 1 

90 


401*0 

445 *3 

44*3 

62 *4 

40*51 

100 

Su... 

. 118 J 



507*7 


Al ... 
Ga... 
In ... 

. 27-6 
. 69-9 

. 113-5 

42*4 

43*6 

2 *8302 
100 ~ 

,395*2 

410*1 

430*6 

14 *9 
20*5 

37 *584 
100 


Under the heading “ Variations ” is stated the percentage of 
the first difference which must be added to it to obtain a number 

equal to the second difference ; thus, 42*4 -h ^ ^ = 

43*6 ; and 44*3 + — ^ = 62*4. The ratio which follows 

gives a means of determining what the values of A for the atomic 
weights of silicon and germanium, and for germanium and tin, 
should be : — 

Al— 2Ga + In : Al — 2Ga + In :: Si — 2Ge + Sn. : Si — 2Ge + Sn 

(a) (at. wt.). (A.) (at. wt.). 

37*584 2*8302 :: 40*51 . 3*051 


The number 3*051 is the percentage of the difference between 
the atomic weights of silicon and germanium, by which this differ- 
ence must be increased to make it equal to the difference between 
the atomic weights of germanium and tin. The first difference, 
therefore, is 90/2*03051 = 44*32. Hence we have the series — 


Si = 28*00 
Ge = 72*32 
Sn = 118-00 


<44*32 

<45*68- 
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The atomic weight subsequently found by Winkler, the dis- 
coverer of germanium, was 72*3. 

It is thus seen that there exists a close relation between the 
atomic weights of allied elements and certain lines of their 
spectra. This subject has, however, as yet been very little 
studied. 

To render gases luminous which do not emit light at the tem- 
perature of a Bunsen’s flame, such as hydrogen, oxygen, &c., a 
discharge of electricity of high potential is passed through them 
when rarefied to a pressure of under 5 millimetres. The gases 
are confined in tubes, generally called “ vacuum tubes,” through 
which platinum wires, or sometimes wires of aluminium, are 
sealed. These wires are connected with the secondary coil of a 
RiihmkorflP’s induction coil, and on passing an alternating cur- 
rent of high potential the gas in the tube is raised to a high 
temperature and emits light. By directing a spectroscope on 
the narrow capillary portion of the tube, the spectrum may be 
observed. 

Many solid bodies exposed to an electric discharge of high 
potential in vacuum tubes also emit coloured light. Such sub- 
stances are said to “ phosphoresce.” The form of tube em- 
ployed by Mr. Crookes, the discoverer of this property, is shown 
in Fig. 55. Among such substances are jphenahite (beryllium sili- 


'^^ 1 . • 


% 


Fig. 65. 


cate), which emits a blue glow ; spodumene (lithium aluminium 
silicate), which shines with a rich golden-yellow light ; the ruby, 
which exhibits a very brilliant crimson phosphorescence ; and the 
diamond, the light of which is exceptionally brilliant and of a 
greenish-white colour. 

The rare earths. — Seen through a spectroscope, such coloured 
lights resolve themselves into bands of greater or less brilliancy 
at various parts of the spectrum. The oxides of the rare 
elements previously mentioned when examined in vacuum tubes 
by an inductive discharge are particularly rich in such lines and 
bands, and it is by this means that Crookes has investigated their 
nature, while Lecoq do Boisbaudran, Cleve, Delafontaine, 
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Marign^c, Sorct, Nilson, Brauner, and others have, as a rule, 
employed the spark spectrum. 

These elements are divisible into three main groaps, the di- 
dyinium group, comprising bodies to which the names neodymium, 
praseodymium, samarium, and dysprosium have been given ; the 
erbium group, members of which have been named scandium, 
ytterbium, terbium, erbium, holmium, and thulium ; and the 
yttrium group, to individual members of which names have not 
yet been given.* 

The main lines of separation are as follows ; but it should be 
mentioned that many other processes have been adopted : — The 
mineral is finely powdered, and boiled for some hours with hydro- 
chloric acid (gadolinite, thorite), or mixed with strong sulphuric 
acid, and gently heated (ceritc, euxenite) ; or fused witii hydrogen 
sodium sulphate; or treated with hydrofluoric acid (samarskite, 
&c.). The product is then treated with cold water and filtered, 
and the residue is again treated similarly. To this solution 
ammonium oxalate is added, which precipitates the metals as 
oxalates. The precipitate is dissolved in hydrochloric acid ; then 
thrown down with ammonia to remove lime, and next ignited, thus 
leaving a residue of oxides, usually of a reddish-brown colour. 
The oxides are dissolved by long boiling with nitric acid; the 
excess of acid is evaporated, and solid potassium sulphate is added 
until the solution is saturated. Double sulphates of members of 
the cerium, lanthanum, and didymium groups with potassium 
separate out, and are removed by filtration, while sulphates of tlic 
yttrium group remain in solution. The elements of both groups are 
then precipitated as oxalates ; to separate cerium, the oxalates are 
dissolved in nitric acid and heated to incipient decomposition, and 
the solution is poured into a large excess of hot water. Basic; 
cerium nitrate separates as a whitish-yellow precipitate. By two 
or three repetitions of this process, cerium may finally be obtained 
free from lanthanum and didymium. The residues are submitted to 
repeated fractionation, either by addition of an amount of ammonia 
insufficient to precipitate more than a fraction of the total amount 
of element present ; or by treating the mixed oxides with an amount 
of nitric acid insufficient for complete solution ; or by heating the 
mixed nitrates cautiously, so as to produce partial conversion into 
oxides, and treatment with water, in which the un decomposed 
nitrates alone are soluble ; or by other processes comparable with 

* Brauner, Chem. Soc., 41, 68 ; also numerous papers by Cleve, Nilson, and 
others. 
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the above. It should be understood that such processes n^ust be 
repeated methodically thousands of times before any definite 
elements are isolated. And it is also remarkable that minerals 
from different sources yield very different results, nature having 
often performed a partial separation. 

Elements of the didymium group have been investigated by 
means of the absorption spectra seen when a solution of one of the 
compounds of the elements in water is examined through a spectro- 
scope. The old “ didymium ” has the spectrum shown below (A). 




Fig. 56 (B). 


The absorption spectrum of bodies separated from didymium by 
processes of fractional crystallisation, precipitation, &c., are shown 
at (B). The thin line at 320, the line at 400, the band between 
420 and 440, the narrow band between 460 and 470, and lines at 
575, 620, 715, 765, and 845 form together the spectrum of the 
so-called samarium, a pseudo-element separated from what was at 
one time believed to be the pure element didymium by Delafon- 
taine* in 1878, and by Lecoq de Boisbaudran. In 1885, Carl 

* Chem. Netos, 38, 223 ; 40, 99. This description is largely taken from 
Mr. Crookes’ address to the Chemical Society. Chem. Soc.. 66. 256. 
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Auer* vsucceeded in isolatino^ two new bodies by fractionally 
crystallising the double nitrates of elements of this group with 
ammonium nitrate. Of these, one had pink salts, and he named 
it neodymium ; the other green, and to it he gave the name praseo- 
dymium. The absorption spectrum of the former includes the 
lines at 187, 207, the three faint lines at 250, the broad band at 
300, the thin line at 355, the band at 365, and the two bands about 
385 ; while the exceedingly fine line at 549 is strengthened to a 
distinct band. The latter has the other part of the thick band at 
287, one at 430, the band at 455, and the thi(^k band between 497 
and 515. There are still two bands unclaimed, viz., those at 462 
and 475, which might lead to the supposition that a third substance 
is present which has not been identified. But Mr. Crookes states 
that by other methods of fractionation he has obtainv d evidence 
of other cleavages ; for it must be noticed that treatment with 
any one reagent will effect a separation into only two groups ; and 
that the particular results obtained by Auer depend on the nature 
of the process which he adopted. Kriiss and Nilsonf believe the 
old didymium to contain at least nine separate components. But 
it is dangerous to draw any definite conclusion from such results ; 
for Brauner lias shownj that on mixing a dilute solution of a salt 
of samarium with one of didymium, the three bands at 430 — 460 
disappear, while samarium bands do not take their place until a 
large proportion of a salt of the latter has been added. 

In an exactly similar manner, the original ‘‘ erbium ” has been 
resolved into fractions giving absorption spectra corresponding in 
part with that of their parent earth. The investigations of 
Delafontaine, Marignac, Soret, Nilson, Cleve, Brauner, and others, 
have pointed towards at least six different earths, three, scandia, 
ytterbia, and terbia, having no absorption spectrum, while others, 
viz., the new erbia, holmia, and thulia give absorption spectra. The 
earth called phillipia has been proved by Roscoe to be a mixture 
of yttria and terbia. 

Elements of the yttrium group do not give absorption spectra ; 
hence they have been investigated by Lecoq de Boisbaudran 
chiefly by spark spectra, and by Crookes, by means of phosphor- 
escence spectra. The old “yttrium,"’ by a system of fractionation 
repeated many thousand times, has been separated into a number 
of portions. The spectra of the extreme ends of the fractions 
differ from that of the original yttrium by showing new bands, 

* Monatsh. Chem., 6, 477. 

t Berichte, 20, 2134. 

t Ghem. Soc., 43, 286. 
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and by the disappearance of some of the old ones. And a gradual 
transition may be noticed from fraction to fraction, the new band 
appearing dimly, and gaining strength as the separation proceeds ; 
or the old band becoming fainter, finally to vanish. The spectra 
of the fraction to which the names “samarium,” “yttrium 
“ mosandrium,” and “yttrium” have been given are shown in 
Pig. 56 (B), as well as the result of continuing the fractionation to 
the other side, and separating these substances as far as practicable. 
It is right to observe, however, that de Boisbaudran does not agree 
with Crookes in such conclusions; he maintains that there are 
three perfectly characterised earths, to which the provisional symbols 
Za, Z/3, and Z 7 have been given, which Crookes has not succeeded 
in separating. He regards it as probable also that the oxide of Z/3 
is identical with a deep-brown oxide obtained from the so-called 
terbium. Crookes has also found that the addition of foreign 
elements, for instance, lime or alumina, has a profound influence 
in modifying such phosphorescence spectra. 

We see therefore that there is great reason to believe that such 
substances are mixtures. Crookes has revived the bold specula- 
tion of Marignac, that not all the molecules of any given element 
are uniform in mass or other properties, and that what we name 
an element is simply the mean result of a number of atoms or 
molecules, closely approximating to each other in properties, but 
not identical ; and he suggests that, provided suitable methods, 
such as the various plans of fractionation, be made use of, it may 
be possible to effect a separation of more or less complete nature. 
Whether this view is a correct one, or whether the rare elements 
of which he treats are merely mixtures of some eight or ten new 
bodies, which, owing to their similar behaviour, are very difficult 
to separate, must be left to the future to determine. He suggests, 
indeed, that there may be different degrees of elemental rank. But 
the fact that the presence of one element tends to modify, and 
sometimes to thoroughly alter, the spectrum of another should lead 
to great caution in accepting the help of spectroscopy in identi- 
fying elements. 

It may here be mentioned that Brauner has succeeded in 
obtaining elements from tellurium, or at least from what usually 
passes under that name. Further research will doubtless throw 
light on the question of its elementary nature. 

Solar and stellar spectra. — One other application of spec- 
troscopy remains to be mentioned. It has led to the identification 
of many elements existing in the sun, the fixed stars, nebulae, and 
comets with those existing on our earth. The principle underlying 
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this dif^covery is as follows : — Matter not only radiates energy, it 
also absorbs energy. We see a wall coloured because the paint 
with which it is covered absorbs vibrations of certain wave-lengths 
from the white light which ill amines it, while reflecting vibrations 
of other wave-lengths. 

A gaseous molecule can be made to oscillate by the impinge- 
ment of ether waves of the same period of oscillation, and 
not, as a rule, by waves of a different period ; and if ether vibra- 
tions of some definite periods impinge on a largo number of 
molecules all capable of vibrating, to the same period, then it will 
cause them to vibrate. But it may be that the intensity, that is, 
the amplitude, of the vibration of the ether is not sufficient to 
cause so many molecules themselves to vibrate with an amplitude 
great enough to be perceived by our senses ; the ether vibrations 
are then practically extinguished, because they distribute thcii* 
energy through such a large number of molecules. 

Now the light given out by an incandescent gas is, as we have 
seen, generally composed of waves of a few definite lengths. And 
if its waves, propagated through the ether, be caused to impinge 
on a quantity of the same gas, the molecules of that gas will be set 
in vibratory motion; but that motion, being distributed over a 
largo number of molecules, will be so weakened in amplitude as 
not to be perceptible. To confine ourselves to light: if the yellow 
light emitted from incandescent sodium gas be caused to impinge 
on a sufficient quantity of S()dium gas, which is not at so high a 
temperature as to incandesce, it will be completely absorbed, and 
the sodiuvi light ivill not pass through the sodium gas; or, more 
correctly speaking, the vibrations of the second portion of gas will 
be too small in amplitude to affect our eyes 

The sun is a vast mass of incandescent matter, sending forth 
energy of all conceivable wave-lengths. Among these vibrations 
are some which coincide in period with those given out by incan- 
descent sodium. But the sun is suirounded by an atmosphere of 
sodium gas ; hence these vibrations will not be transmitted through 
the sodium vapours to the ether with amplitude sufficient to be 
perceived. It is for this reason that we see in the solar spectrum 
a dark line, or more correctly, two dark lines very near together, 
in the yellow part of the spectrum. This double line is named 
“ the D line,” and its position is absolutely identical with that of 
the bright line visible when the light of incandescent sodium gas 
is viewed through a spectroscope. It is therefore legitimate to 
conclude that the phenomenon which can bo produeed on a small 
scale is identical with that occurring in the sun and its atmosphere ; 
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and it follows that the sun is surrounded by an atmosphej’e con- 
sisting partly of gaseous sodium. 

By similar means, by comparing the dark lines seen in the solar 
spectrum and in the spectrum of the fixed stars with the bright 
lines produced by incandescent gases, it has been discovered that 
many of our elements are present in these heavenly bodies. The 
following is a list of those which have been identified in the sun ; 
with the number of lines which have been observed coinciding 
with the ordinary spectra : — 

Element.... H. Na. K. Ca Sr. Ba Mg. Zn Cd. Al. Cr. Fe Mn. Co. 

Lines 4 2 2 75 4 11 4 2 2 2 18 450 57 19 

Element. . Ni Ti Ce. Pb V. Mo. V. Pd. 

Lines .... 33 118 2 3 4 8 2 5 

There are also present, lithium, iridium, and copper. 

The following arc doubtful : — In, Rb, Cs, Bi, Sn, Ag, Be, La, 
Y, C, Si, Th, and the halogens, P, Cl, Br, and I are absent. 

Oxygen has been lately observed ; but it gives bright bands, and 
not absorption lines. 

Prominences are continually observed on the disc of the sun. 
'Jliese appear to be enormous outbursts of the gaseous atmo- 
sphere ; they have been examined, and appear to couvsist of 
hydrogen, and of the vapours of magnesium and iron, besides 
other elements. 

The moon reflects the solar spectrum without alteration, 
adding nothing and absorbing nothing. This affords an argument 
for the non-existence of a lunar atmosphere, borne out by other 
considerations. 

The fixed stars may be divided into four classes : — 

( 1 .) White stars, such as Sirius ; they have been found to con- 
tain hydrogen, sodium, magnesium, and iron. 

( 2 .) Yellowish stars, such as Arcturus ; they possess a complex 
spectrum like the sun, and no doubt our sun belongs to 
this class. 

( 3 .j Red stars, like a-Orionis and a-Herculis ; these show sets 
of bands resembling those caused by the solar spots. It 
has been suggested that they are surrounded with a thick 
atmosphere. 

( 4 .) Stars usually of small magnitude, such as 7-Cassiopei80. 
They show lines of hydrogen and of sodium. 

Nebul80 and comets show a faint continuous spectrum, together 
with certain lines which are identical with those of certain hydro- 
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carbons when exposed to an electric discharge under low pressure 
in vacuum tubes. 

Tt is probable that some of them, at least, consist of incan- 
descent solid matter, accompanied by a gaseous hydrocarbon. 

This short sketch will suffice to give an idea of the manner in 
which we have acquired a knowledge of the chemical composition 
of the heavenly bodies. A large number of facts has been accu- 
mulated, but it cannot be doubted that improved methods, and the 
extension of observJitions to the invisible parts of the spectrum 
v\ill greatly add to our conceptions of the nature of the galaxy of 
suns with which we are surrounded. 

The nature of the vibrations which are transmitted to us 
through the ether is not as yet understood, and the sciences of 
chemistry and spectroscopy touch at only a few points as yet ; 
but it is evident that further research will greatly increase our 
knowledge of the atomic and molecular constitution of matter. 
Already it has afforded a means in the hands of Bunsen and 
Kirchhoff, of Crookes, of Lecoq de Boisbaudran, and of Reich 
and Richter, of detecting the presence of undiscovered elements 
in minerals and in waste products; the spectrum lines have been 
shown to be in close relationship with the atomic weights of the 
elements ; and some success has been met with in applying spec- 
troscopy to quantitative analysis. These are great achievements ; 
but there are undoubtedly greater to follow. 
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CHAPTEE XXXV. 

THE ATOMIC AND MOLECULAR WEIOUT8 OF ELEMENTS AND COMPOUNDS. 

THE KINETIC THEORY OF (JASES. THE STANDARD OP MOLECULAR 

WEIGHTS. — THE VAP0UR-])ENS1TY OF ELEMENTS AND COMPOUNDS. 

DISSOCIATION OF MOLECULES OF ELEMENTS AND COMPOUNDS. — 

ATOMIC AND MOLECULAR HEATS. — REPLACEMENT. ISOMOJiPHlSM . — 

MOLECULAR COMPLEXITY. — MONATOMK^ STATE OF MERCURY GAS. 

In stating the objects of the science of chemistry, in the first 
pages of this book, the composition, nature, synthesis, and classi- 
fication of different kinds of matter were first noticed ; for it is 
obviously necessary that they should be known in order that the 
further objects of the science, viz , the natuio of the changes which 
matter undergoes, and the classification of these changes, may be 
understood. To discuss the nature of such clianges from a physical 
point of view is not within our province here ; but ii has been seen 
that, in order to obtain a connected view of the relations between 
various classes ot compounds, certain conceptions must be enter- 
tained regarding the ultimate nature and the constitution of 
matter. These conceptions depend on the behaviour of gaseous 
matter when exposed to different conditions of pressure, temper- 
ature, &c., and, for the most part, our classification is one strictly 
applicable only to gases. To assign formulae to liquids and solids, 
as has been frequently remarked, is usually an extension, not 
warranted by our knowledge,* of the principles which represent 
our conceptions only of gaseous matter. 

It is therefore advisable to consider in detail four classes of 
constants, all of which are indispensable to correct classification ; 
these are : — 

1. The atomic weights of the elements; 

2. The molecular weights of the elements ; 

The molecular weights of compounds ; and 

4. The structure of compounds. 
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Th^ atomic and molecular weights of elements and the 
molecular weights of compounds. — (a.) Density in the state 
of gas. — It has been told in Chapter II what led Dalton to assign 
certain atomic weights to the elements which he investigated, 
idaviiig ascertained the equivalents of certain elements, he was 
guided by the principle of “ simplicity and “ similarity that is, 
the atomic weight of an element was taken to be that multiple of 
its equivalent which gives the simplest proportions between the 
numbers of atoms contained in all known compounds of the element ; 
and like compounds were assigned like formuhe. This scheme was 
also followed out by Berzelius W e have seen again in Chapter VI 1 1, 
p. 109, how the atomic weights of elements may be deduced from 
the densities of their gaseous compounds ; the history of the 
discovery is as follows : — In 1805, Gay-Lussac and Humboldt, m 
investigating the volume composition of water, found that two 
volumes ot liydrogon unite with one volume of oxygen to form two 
volumes of water-gas (see p I9d). This led Gay-Lussac to make 
further researches on the relative volumes in which gases combine, 
and he discovered that two volumes of nitrous oxide consist of one 
volume of oxygen and two volumes of nitrogen ; that one volume of 
chlorine unites with one volume of hydrogen to form two volumes 
of hydrogen chloride; that two volumes of ammonia consist of three 
volumes of hydrogen and one of nitrogen; and that one volume of 
carbon monoxide unites with one volume of chlorine to form two 
volumes of carbonyl chloride, or, as it was then termed, phosgene 
gas.” Towards the end of 1808 he made the importjint generali- 
sation in the Menioircs Je la HocitUe (V An^neil^ 2 , 20?, that — (I) 
“ there is a simple relation between the volumes of gases 
which combine;” and (2) “a similar simple relation exists 
between the volumes of the combining gases and that of the 
resulting gaseous compound.” And from those statements it 
follows The weights of equal volumes of both simple and 
compound gases (or in other words, their densities), are either 
proportional to their combining weights, or are a simple 
multiple thereof.” 

As a sequel to Gay-Lussac’s discovery, Avogadro announced 
in 1811 {Journal tie Physique^ 73 , 58) that equal volumes of gases 
C(nd-ain equal numbers of particles {molecules iiiieij r antes) ^ but that 
these are not of the nature of atoms, indivisible, but consist of 
several atoms. Otherwise stated, the molecular weights are pro- 
portional to the densities. The relation between the relative 
masses and rates of motion of gases has been since worked out by 
Clerk Maxwell, Sir William Thomson, Clausius, and others, 

2 E 2 
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and starting with the assnmption that the expansive tf^ndency 
of gases is due to the motion of their molecules, they deduced 
the kinetic theory of gases, for an account of which the reader is 
referred to Maxwell’s Theory of Heat, pp. 289, et seq., or to the 
ai’ticle on “ Heat ” in Watt’s Dictionary of Chemistry^ 3^ p. 131. 

By means of a mechanical conception, viz., that the pressure of 
a gas is due to the impacts of its molecules on the walls of the 
containing vessel ; and that its temperature is due to the motion of 
its molecules ; it is shown that Avogadro’s law is true, viz., that 
the number of molecules in equal volumes of all gases is equal, 
provided the gases be compared under similar conditions of tem- 
perature and pressure. 

Standard of molecular weights. — We know by experiment 
the relative weights of many molecules. We know that the 
relative densities of hydrogen and chlorine are as 1 : 35’4; that 
is, the molecule of chlorine is 35* * * § 4 times as lieavy as the molecule 
of hydrogen. But still the question is not answered, what are their 
relative atomic weights ? In other words, how many atoms are 
contained in a molecule of hydrogen and m a molecule of chlorine? 
We have seen on pp. 158, 159, and 160 that if hydrogen chloride 
consist of 1 atom of hydi’ogen in combination with 1 atom of 
chlorine, it is a reasonable deduction that a molecule of hydrogen 
contains also 2 atoms of hydrogen, and a molecule of chlorine 
2 atoms of chlorine, although the possibility is not excluded that 
it may consist of more than 2. This leads us to consider the 
densities of gaseous elements in so far as these have been de- 
termined, so that we may ascertain whether they correspond 
with hydrogen and with chlorine in the complexity of their mole- 
cules. 


Density of Elements in the Gaseous State. 


Hydrogen. ... 1 (unit of density). 

Sodium 12’7* (Victor Meyer’s method, in platinum vessel). 

Potassium..,. 18*8* ( „ „ „ ). 

Zinc 3415 at 1 400°.t 

Cadmium , . . . 57*01 at 1040°. t 

^ Mercury 100*94 at 446° ;§ 101 3 at about 1730°. || 


* Scott, Troc. 'Roy. Soc. JSd., 14. 

t Mensching and Meyer, Rerichte, 19, 3295. 

t Deville and Troost, Annates^ 113, 46. 

§ Dumas, Annates, 33, 337. 

II Biltz and Meyer, ZeitscJir. fur Rhys, Chem., 4, 265. 
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Thallium .... 20G 2 at 1730°.* 

Nitrogen .... 14 08 at atmospheric temperature ;t not altered at highest 

temperatures. 

Phosphorus . . 63*96 at 313° 55* * 7 at 800—900°; 63*65 at 1200—1300° ; 

52*45 at 1500°; 46*59 at 1680°; 45*58 at 1708.§ 

Arsenic 154*2 at 641° and 860° ;11 79 5 above 1700°.T[ 

Antimony. . . . 155*5 at 1572°; 141*5 at 1640°.^ 

Bismuth 146 5 at 1640°.^ 

Oxygen 15 99 at atmospheric temperature;** not altered at the 

liighest temperature. 

Sulphur 114 9 at 4G8°;t*|* 94*8 at about 500° 39*1 at 714—743° , 


31*7 at 800—900°; 318 at 1100— 1160° ;tt 31*8 at 
1719° IT 

Selenium .... 111*0 at 860°; 92 2 at 1040°; 82 2 at 8420°.§§ 

Tellurium .. 130 2 at 1390— 1439°. §§ 


Fluorine 18 3 at atmospheric temperature l|jj 

Chlorine 35 90 at 20° 35*45 at 200° ; 35*31 at 630° ;*** * * §§§ 31*83 at 

800° , 27 06 at 1000° ; 24 02 at 1200° , 23 3 at 1560°. 

Bromine 80*16ttt, 82*77 at 102*6°; 81*03 at 175 *6; 79 *93 at 

22SlXtl 52*7 at 1500°.§§§ 

Iodine 127 66 at 253°, 127*37 at 580°; 98*4 at 840°; 82 5 at 

1000°, mill 63 7 at 1500° under low pressure. 


The list given «above does not include all determinations; but 
the more important researches are rel*eri*ed to in the notes. 

These results lead to a division of the elements into two 
groups: — (1) Those which undergo HO change in density on 


* Blitz and Mej^er, Zeilschr. Jiir Chem., 4 , 265. 

f Begnault, corrected by Jolly, Wied. Anti,, 6, 536. 

X Dumas, Anuale<i, 49, 210. 

§ Meyer and Biltz, Zeitscfir. phys. Chem , 4 , 259. 

11 Mitsclierhch , and Deville and Troost. 

% Meyer and Biltz, loc. c\t., 263. 

** Begnault, corrected by Jolly, loc. cit. 

ft Bmeau. See also Biltz, Zeitschr, phys Chem,, 2, 920, and 3, 228; 
Bamsay, ibid., 3, 67. 

XX Dumas, Annalcs, 50, 178; Mitschcrlich, Poyg. Ann., 29, 217. 

§§ Deville and Troost, Annalcs, 58, 273. 

1111 Moissau, Comjjt. rend , 1889, Dec. 2nd. 

Ludwig, JSerichfe, 1, 232. 

*** Meyer, JBerichte, 12, 1428 (the chlorine was produced from platinous 
chloride, and was nascent; it mixed at once with nitrogen), 

ttt Mitsclierhch. 

Itt Jahn, MonaUh. Chem,, 1882, 176. 

§§§ Meyer and Zublin, Berichte, 13, 405 (from PtBr^. 
mill Meyer, Berichte, 13, 394. 
m Crafts and Meier, Compt. rend , 92, 39. 
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rise of temperature; that is, those of which the co-efficieut of 
expansion remains equal to that of hydrogen. Such are mercury, 
nitrogen, oxygen ; and, although experiments in this direction 
have not been made, probably sodium, potassium, zinc, cadmium, 
thallium, and tellurium (?). (2) Those of which the vapour 

density decreases with rise of temperature; among these are 
phosphorus, arsenic, antimony, bismuth (?), sulphur, selenium, 
fluorine (?), chlorine, bromine, and iodine. 

Now, wo can calculate the maximum atomic weights of many 
of these elements from the vapour densities of their volatile 
compounds, generally of their halides, or of their hydrides. An 
example of each will be given. 

Conslitueiits. 




Parts by weight of 

Compound. Density x 2. 

Mol. wfe. 

f 


" 

^ 

Water . . 9 ’0 

18-00 

H = 

1-00 

0 = 

16-00 

Sodium (forms no su(U(*i('ntly volatile compound) 





Potassium iodide 168 *J) 

165 99 

K - 

39-] 4 

T = 

126 85 

Zine chloride 133 4 

13(> 22 

Zn- 

65 3 

Cl,= 

70 92 

Cadmium bromide 267 T 

272 00 

Cd- 

1121 

Br = 

1 59 - 90 

Mercuric chloride 283 *0 

271 12 

ITg- 

201 ) 2 

Cl 2 = 

70 92 

Tliallium monocliloride. . 236 7 

230 '66 

Tl - 

204 2 

Cl = 

35-46 

.Ammonia 17 *2 

17 03 

N = 

M- 03 

11.1 = 

3 00 

Phoajiliiiie 33 ] 

31 03 

P - 

31 03 

11.1 = 

3 00 

Arsine 77 8 

78 09 

As — 

75 09 

n.i = 

3 00 

Antimony trichloride . . . 22i*7 

226 68 

Sb = 

120 30 

Cb- 

106 38 

Bismuth trichloride .... 327 '7 

314 48 

Bi - 

208 JO 

C'b- 

106-38 

Nitric oxide 30*0 

30 -03 

O - 

16 00 

N - 

1 1 03 

Hydrogen aulpliide .... 34 ’4 

34 06 

S = 

32 06 

Ilo = 

2 00 

Selenium dioxide 116 0 

111 00 

Se = 

7.) 0 

02 == 

32-00 

Metliyl fluoride 34 76 

3i00 

F = 

]') 0 

0113 = 

15 00 

Hydrogen chloride 36 ’0 

3t> 46 

Cl - 

35 16 

ir' - 

1-00 

Mercuric bromide 351 *0 

360 1 

Br,= 

159 9 


200-2 

Hydrogen iodide 128 0 

127-85 

I - 

12f) 85 

II = 

1 00 


From these examples, it will be seen that the smallest weight of 
element which enters into the molecule of one of the above- 
mentioned compounds, and which therefore is the maximum atomic 
weight, is as follows (in whole numbers) : — 

H. Na. K. Zn. Cd. Hg. Tl. N. P. As. Sb. Bi. O. S. Se 

1 23(^^) 39 65 112 200 206 14 31 79 120 208 16 32 79 

Te. F. Cl. Br. I. 

125 19 35 -5 79 126 

while the vapour densities are sometimes equal to these numbers, 
as in the case of hydrogen, nitrogen, and oxygen (thallium and 
fluorine) at all temperatures ; sometimes equal at low temperatures, 
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and half at high temperatures, as is the case with chlorine, 
bromine, and iodine ; sometimes half at all available temperatures, 
as with sodium, potassium, zinc, cadmium, and mercury; some- 
times twice as great at low temperatures, and becoming equal 
with rise of temperature, as with phosphorus, arsenic, and 
antimony; and sometimes a greater multiple than twice, as with 
sulphur. 

It is necessary to postulate the inviolable nature of Avogadro’s 
law that equal volumes of gases, under similar conditions of 
temperature and pressure, contain the same number of molecules, 
and the above apparently capricious data become clear. To take 
an exarajile from each class : — 

1. The atomic weight of hydrogen is accepted as unity. The 
molecular weight of hydrogen, equal to 2, is the standard of 
molecular weight; and 2 grams of hydrogen inhabit, at 0° and 
760 mm pressure, 22‘32 litres. The same volume is inhabited 
by 28 grams of nitrogen under similar conditions of tempei’ature 
and pressure. The molecular weight of nitrogen is therefore 28, 
and 28 is twice 14, the atomic weight. Hence the molecule of 
free nitrogen contains 2 atoms, and its molecular formula is Ng. 
It appears to be unaltered by rise of temperature. The same 
reasoning holds with oxygen, and also with thallium and fluorine, 
and with chlorine, bromine, and iodine at low temperatures, also 
with arsenic at 1700°, with sulphur above 1100°, with selenium 
at 1420°, anti with tellurium at 1 139°. 

2. Considering mercury as an instance of the second class, we 
find that 200 grams of its vapour inhabit the same space as 
2 grams of hydrogen under similar conditions of temperature and 
pressure. But from the density of its chloride, 283 (as nearly 
271 as can be expected from the experimental error), an 
atom of mercury is seen to be at most 200 times as heavy as 
an atom of hydrogen, for, on subtracting (2 X 35'4) from 271, the 
remainder, 200, i-epresents the maximum atomic weight of mercury. 
But it the molecule of mercui*y were represented by the formula 
Hg 2 , it should weigh 400 times as much as an atom of hydrogen, 
or 200 times as much as a molecule. But it weighs only 100 times 
as much an equal volume of hydrogen. Hence, we must 
conclude either that the formula of mercuric chloride should be 
written Hg^Ch, mercury having the atomic weight 100, or that 
the molecule of mercury consists of 1 atom, inhabiting the same 
space as a molecule of hydrogen, which consists of 2 atoms. 
We shall see that the specific heat of mercury confirms the latter 
view. So with zinc, cadmium, sodium, and potassium. 
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3. The justice of this view is borne out by the behaviour of 
the elements chlorine, bromine, and iodine at high temperatures. 
With rise of temperature the density diminishes progressively, 
until with iodine at 1500° the density is 63*7, that is, equal to half 
the atomic weight of iodine, as deduced from the formula of 
hydrogen iodide. The molecules of these elements appear to 
consist of 2 atoms within a wide range of temperature ; but, 
finally, they gradually dissociate into monatomic molecules ; and 
the gradual decrease of density is caused by the gradual transition 
from diatomic to monatomic molecules. Bismuth, from the one 
observation available, appears to be undergoing this transition ; 
but not to have reached the final monatomic stage. 

4. Lastly, phosphorus at 313” is 64 times as heavy as hydro- 

gen; its molecules are therefore 128 times as heavy as an equal 
number of atoms of hydrogen. But its maximum atomic weight, 
from the density of phosphine, PH 3 , is 31 ; hence we must con- 
clude that its molecules are tetratomic. With rise of temperature 
they tend to become diatomic ; but, even at the very high tempera- 
ture 1708°, the vapour contains many tetratomic molecules. The 
molecules of arsenic, tetratomic up to 860°, become diatomic at 
1700° ; and those of antimony have not become wholly diatomic at 
1640°. The molecular weight of sulphur is especially anomalous, 
as shown by its vapour-density. At 464°, it has b(*en found by 
Biltz as high as 230, implying a molecular formula of about Ss ; it 
decreases in density without a halt till at 1100 ° its molecular 
formula is but above that temperature, up to 1719°, no 

further change occurs. We may, therefore, conclude that at high 
temperatures its vapour-density shows its molecular complexity 
to be S 2 ; leaving undecided the precise molecular complexity at 
low temperatures. With selenium and tellurium there is evidence 
of similar change, but over a much smaller range of temperature ; 
these substances become gaseous at temperatures so high that the 
more complex molecules are already decomposed. 

In the last two classes, we have phenomena similar to those 
observed during the dissociation of a compound ; but, for example, 
while phosphorus pentachloride, PCI5, dissociates into unlike 
molecules, viz., PCI3 and CL, iodine, I 2 , dissociates into like 
molecules, viz., I and I. There is no reason to suggest different 
causes for these similar phenomena ; and we are, therefore, 
justified in regarding the vapours of elements, with the few excep- 
tions of sodium, potassium, zinc, cadmium, and mercury, as con- 
sisting of complex molecular groups, which become more simple as 
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tempergbture rises. It is indeed possible, knowing the complexity 
of two molecular states, to calculate the proportion of dissociated 
and undissociated, molecular groups by means of the formula 

__ 100(^^ - D) 

^ D 

where y? represents the number of molecules decomposed per 100 
undecomposed molecules originally present, rZ, the theoretical 
density of the undecomposed substance; and L), the found density 
of the partially dissociated gas. The rate of increase of dissocia- 
tion with rise of temperature and fall of pressure may tlius be 
followed. But the end result alone concerns us here. 

(5.) Specific heats of elements and compounds. — A deter- 
mination of the specific heats of elements furnislies an arbitrary 
law, discovered by Dulong and Petit* in 1819, which has been 
already explained on p. 12G, viz., that “the atoms of all ele- 
ments in the solid state have equal capacity for heat the 
specific heats of elements are therefore inversely proportional to 
their atomic weights, and, as the theoretical specific heat of solid 
hydrogen is apparently G’O, compared with water as unity (see pp. 
128 and 57G), the approximale atomic weights of the elements may 
be ascertained by dividing that number by the found specific heat. 

Attention has already been drawn to the exceptions to this law 
in the case of beryllium, boron, carbon, and silicon (see p. 157)), 
and to the fact that at high temperatures their atomic heats 
approximate to those of other elements at lower temperatures; but 
it is not so well known that many other elements show similar, if 
not so great, deviations. The following table shows the specific 
heats of some elements at 50” and at T00”.t 

Specific lieat Specific lieat 


Element. at 50°. Atomic heat. at 300°. Atomic heat, f 

Cadmium 0 •0551 G’lS 0 0017 0*92 

Zinc 0 0929 0 08 0-1040 6 81 

Iron 0-1113 6-23 0-1376 7*71 

Silver 0-0550 6*00 0-0009 6-57 

Copper 0-0932 5-90 0 0985 6 24 

Nickel 0-1090 6 43 0 1327 7 83 

Antimony 0 '0495 5 95 0-0537 6-46 

Lead 0-0304 6-29 0-0338 7*00 

Aluminium .... 0 ’2104 5-87 0*2401 0 51 


* Annales, 10, 395. 

f Qazzetta, 18, 13 ; also Chem. Soc., 64, 1237. 

X The atomic heat is the produet of specific heat into atomic weight, i.e.j 
the heat in calories required to raise the temperature of the atomic weight of 
an element taken in grams through 1° 
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Tlie increase is very remarkable, amounting in tlie case^of iron 
to nearly 25 per cent, of its amount at 50^ ; and it is also to be 
noticed that it is not of equal rate for all the elements investigated. 
It must be remembered that tlie specific heat of solids, as we deter- 
mine it, is the sum of very different actions ; first, tlie temperature 
of the ])ody is increased ; second, internal work, due to the separa- 
tion of molecules and increasing their rate of motion, is done; and, 
third, external work, due to the expansion of the body, forms a 
portion of that for which heat is expended. The last, however, is 
so small that it may be neglected. We cannot, therefore, attempt 
to explain the true nature of the specific heat of solids, and we must 
therefoi'c accept Dulong and Petit’s law as an empirical statement 
of facts, which has, however, proved of great service to chemical 
theory. 

In 1831, Neumann extended Dulong and Petit’s law to com- 
pounds His statement is* ; — ^^The specific heats of similar com- 
pounds is inversely as their molecular weights or, otherwise 
expressed, the molecules of similar compounds have equal 
capacities for heat.” As examjdes, the following instances may 
be quoted : — 


Molecular Calculated 


Compound. 


Specific heat. 

Product. 

Bpecifie heat. 

CaCO, 

100 -08 

0 2044 

20-46 

0-2057 

MgCO.^ 

91-30 

0 2161 

20 38 

0 2211 

ZnCO, 

125-3 

0-1712 

21-45 

0-1669 

DaSO^ 

233 0 

0-1068 

24 88 

0 -1061 

CaS 04 

136-14 

0-1854 

25 -24 

0 -1804 

8r804 

183 5 

0*130 

23-85 

0 1316 

MgO 

40 3 

0-276 

11 12 

0 270 

11 gO 

216 -2 

0-049 

10 59 

0-051 

ZnO 

81-3 

0-132 

10 -73 

0*138 

HgS 

232-3 

0 052 

12-08 

0-052 

PbS 

239 -0 

0 -053 

J2-67 

0 051 

ZnS 

97 36 

0 112 

10*90 

0-125 


Neumann’s extension of Dulong and Petit’s law was confirmed 
by Regnault, in 1840 ; and Kopp, in 1864, f made numerous 
determinations of the specific heats of compounds, which led to 
the conclusion that the atomic heat of chlorine in its compounds 
varies from 6T in some double chlorides to 6*4 in chlorides such 

* Pogg. Ann.^ 23, 1. 
t Annalen, Suppl., 3, 1 and 289. 
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as MCI; of bromine, from 6'5 to 6‘9 ; of iodine from 6*5 to G'7. 
In the case of compounds containing oxygen, however, the specific 
heat of oxygen, deduced by subtracting the known speciHc heat of 
the element in the compound from the molecular heat of the com- 
pound, is in general about 4; similarly combined, hydrogen has 
the approximate specific heat 2*8 ; carbon, 1’8 ; borcfn, 2' 7 ; silicon, 
3‘8 ; and phosphorus and sulphur, each 5*4. 

If it is required to calculate the molecular heat of such a com- 
pound as ferric oxide, Fe203, we have — 

Atomic heat of iron, 6*16; mean atomic heat of oxygen, 4*0 ; 

hence (6*16 X 2) + (4 X 3) = 24*32; found, 25*1 (Kopp). 

It must be noticed here that a determination of the specific 
heat of a compound throws no lighten its molecular weight. For 
the molecular heat is the product of specific heat and molecular 
weight, and this product evidently depends on the ])articular 
molecular weight chosen. Thus in the above example the mole- 
cular weight has been assumed to correspond to the formula Fe^O.); 
had we assumed the formula as which may be true, the 

molecular heat would have been doubled. 

By means of these laws, the atomic weights of elements can be 
deduced with great probability. First, analysis of a compound 
furnishes the equivalent of the element; second, the vapour 
density of a compound of the element reveals the maximum number 
for its atomic weight; third, the sjiecitic heat of the element shows 
whether its true atomic weight is this maximum number, or some 
fraction thereof. 

(c.) Replacement. — The law of replacement is also adduced 
as a means of determining formula*, and, taken in conjunction with 
the methods previously described, it often furnishes a valuable aid. 
It may be best understood by a concrete instance. It is argued 
that ethane, CiHo, contains six atoms of hydrogen, because it is 
possible to replace them by sixths by chlorine ; the series of com- 
pounds, C2H5CI, C^n^Cl^, C^H.Cb, CJI,Cb, C2HCI5, and 

C2CI6, is known. Selenium tetrachloride is regarded as containing 
four atoms of chlorine, because they are reyilaceable by fourths ; 
the series SeClBra, SeCl.^Bi’j and S0Br4 being known. It is by this 
means that the basicity of acids is usually ascertained ; thus sul- 
phuric acid, H2SO4, is generally taken as dibasic, because its 
hydrogen may be easily replaced by halves ; but here the existence 
of such sulphates as Il3Na(S04)2 and NaK3(S04)2 v^ould lead to 
the inference that the molecule of sulphuric acid is expressible by 
the more complex formula H4S2O8, while the definite crystalline 
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compounds, 112X4(804)3 and XaK5(S04)3, would cause us to regal'd 
the molecule of sulphuric acid as H6S3O12. It must be remembered 
that the molecular weight of gaseous sulphuric acid is unknown, 
and that to deduce its molecular complexity from the apparently 
analogous compound, SO2CI2, which has undoubtedly that formula? 
in the gaseous state, is not permissible. 

(d.) Isomorphism. — The law of isomorphism also furnishes 
data whereby atomic weights may sometimes be deduced. As 
stated by Mitscherlich, its discoverer, in 1818 , it is, substances 
of similar chemical constitution possess similar crystalline 
form.’^* This statement is by no means reversible; it is not 
true that similar crystalline form implies similar chemical con- 
stitution. But if two bodies form “ mixed crystals ; ” that is, if a 
mixture of solutions of two compounds deposits crystals contain- 
ing both compounds in indeterminate amount, of similar crystal- 
line form to that which either salt assumes when pure, they may 
be taken to possess similar constitution. The following is a list 
of elements which, as a rule, replace each other in such a manner, 
and which are therefore said to form isomorphous compounds. 

I. F, Cl, Hr, I; Mn (m pernmTiganates)., 

II. S, Se; To (in I ell undos) , Cr, Mii, Fe (in chromates, manganates, 
and ferrates) ; As and 8b in arsenides and antimonides of the for- 
mula MR 2 - 

III. As, Sh, Bi; Te (as element) ; P, V (in salts) ; N, P in ammonium 

and phosphonium compounds. 

IV. Li, Na, K, Kb, Cs ; Tl, Ag 

V. Sr, Ba, Pb, Cu ; Mg, Zn, Fe, Mn ; Ni, Co, Cu ; Ce, La, Li, Er, and Y 
with Ca; Cu, Hg with Pb ; Be, Cd, In with Zn; Tl with Pb. 

YI. Al, Cr, Mn, Fe; Ce, U m sesqui oxides. 

VII. Cu, Ag in cuprous and argentous oxides; Au. 

VIII. Kh, Ru, Pd, Os, Ir, Pt; Fe, Ni, Au; 8n, To. 

IX. C, Si, Tl, Zr, Sn, Th ; Ti, Fe. 

X. Nb, Ta. 

XI. Cr, Mo, W. 

Those elements separated from the others by a semicolon dis- 
play only partial isomorphism. 

As an application of isomorphism to the determination of an 
atomic weight, the case of gallium may be cited. Before this 
constant bad been determined by the vapour density of its chlor- 
ide, or by the specific heat of the element, t it was found that the 
69 parts by weight of gallium replaced 27 parts by weight of 

* Annales, 14 , 172, and 19 , 350. 

t Lecoq de Boisbaudran, Comjpt.rend.^ 83, 82 1-; Berthelot, ibid., 80, 786. 
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aluminium, in a gallium alum, crystallising in the usual form of 
alums, the octahedron, with twelve molecules of water. Its 
equivalent had been found from the analysis of its chloride to be 
23, approximately. Knowing that the atomic weight of alu- 
minium is three times its equivalent, the conclusion was drawn that 
gallium also is a triad element in such compounds, and that its 
atomic weight is 23 x 3 = 69. 

Further reference to this principle will be made in treating of 
the periodic arrangement of the elements. 

(e.) The method devised by Lecoq de Boisbaudran, and de- 
scribed in the previous chaptei*, should not be omitted in stating the 
methods of determining atomic weights. 

(/.) Lastly, the atomic weight may bo deduced from the posi- 
tion of the element in the periodic table, allocated to it by a 
consideration of the nature of its compounds. This is discussed 
on p. 639. 

The complexity of the molecules of those substances which can- 
not be obtained in the gaseous state has been fully considered by 
Henry.* Ho discusses the chlorides and oxides, but the argu- 
ments which he deduces in favour of molecular complexity would 
apply to other compounds. 

Let us contrast first the volatility of chlorides and oxides; 
some instances are given in tlie following table : — 


Volatile oxides. 

Non 

volatile oxides. 



Boiling- 



Boiling- 

Compound. 

Mol. wt. 

points. 

Compound. 

Mol wt. 

points. 

J 

0.0 

32 

-186^" 

rB2(>3 .... 

w X 70 

— 


0 CT 2 

87 

+ 6 ° 

IBCl., .... 

117 

17° 

J 

rsos 

64 

- 8 ° 


w X 60 

— 

i 

LSOCh 

119 

- 1 - 82° 

\ 81 CI 4 

170 

59° 


fSO^ 

80 

-t 46° 

rTi 02 ..., 

w X 82 

— 

• 

LS 02012 .... 

135 

+ 77° 

\ T 1 CI 4 .... 

192 

135° 


rco, 

44 

- 79° 

Nb 205 . . . 

n X 174 

— 


COC 12 

99 

+ 8 ° 

NbCh .. 

271 5 

240-5° 


.CC 14 

154 

+ 76° 

C^l'2tl3 .... 

w X 153 

— 

J 

rcsCho.... 

182 

+ 118° 

CrUh . . . 

159 

volatile 

i 

[ C 2 C 16 

237 

+ 182° 

A 840 g ... 

396 

200 ° 

J 

fPChO 

153-5 

+ 110 ° 

AsCf,. . . . 

181-5 

134° 

A 

LPC15 

208-5 

+ 148°t 

Sb406 . . . 

564 

1500° 


rwci40 ... 

342 

+ 227° 

SbCh. . . . 

228-5 

225° 


Lwcis 

395 

+ 346° 





Fkii. Mag,, Aug , 1885. 
t Decomposes inio PCI 3 + Oh. 
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Sacli a table might be greatly extended ; bat it suffices Jo show 
that while the oxides in the first column have invariably lower 
boiling-points than the corresponding chlorides, those in the 
second column are, as a rule, non-volatile, while the chlorides are 
volatile and have simple molecular formulce, as shown by their 
vapour-densities. Now it is noticeable that the volatility of a 
halide depends on the atomic weight of the halogen it contains. 
The chlorides volatilise at lower temperatures than the bromides, 
and the bromides at a lower temperature than the iodides. It 
may therefore be ex})ected timt the oxides, containing the still more 
volatile element oxygen, should have lower volatilising-points 
than the chlorides. That this is the case, when the substance 
exists in a simple molecular state, is proved by the first column. 
The high volatilising-points of the oxides of arsenic and antimony, 
the molecular weights of which are known to correspond to the 
formulae As^Og and Sb40(„ shows that they are connected with 
increased molecular complexity. It is a fair inference, there- 
fore, that the non- volatility of many of the oxides is due to their 
complex molecules. Examjdes of the same kind may be found in 
great number among the compounds of carbon. 

The pi’ogesbive nature of the dehydration of hydrated oxides 
points to the same conclusion. Thus boracic acid — 

Dried at ordinary temperature, has the formula. . HjBOa ; 


Dried at lOO'’, 

Dried at 160 °, » B Ji.On ; 

Dried at 270 °, H2Bi,Oo5. 


It appears to be a legitimate conclusion that the anhydrous oxide 
is (B203)«, where w is a liigh number. 

Similar arguments may be adduced from the density of the 
oxides compared with that of the chlorides. 

It is also noticeable that one oxide forms double compounds with 
others ; and it is a fair inference to draw that, in default of a 
different oxide, it combines with itself. 

The fiuorides occupy an abnornal position as regards the 
chlorides ; here also their volatility is as a rule not so great ; and 
they form more numerous and more stable double compounds than 
the chlorides do. It may therefore be equally well inferred that 
the molecular weights of the fluorides of most elements are not re- 
presented by the simple formulm which it is customary to ascribe 
to them. 

It would follow from these arguments that the molecular w’ eight 
of liquid water is not represented by the simple formula H^O, for 
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it boils ^at a higher temperature than hydrogen sulphide ; a cliange 
in the molecular complexity has not been obsc^rved in steam at a 
low temperature ; but such a change undoubtedly takes place with 
hydrosren fluoride before the liquid state is reached (see p. 115). 

Although we may therefore assume the complexity of most 
of the oxides, no method has yet been devised whereby the pro- 
cise value of the molecular weight may in all cases be determined. 

The operation of solution appears in many instances to exercise 
a dissociating action on molecular aggregates. It has been 
proved experimentally, by Raoult,* that the depression of the 
freezing-point of a solvent, produced by the presence of 
dissolved substance, is approximately inversely propor- 
tional to the molecular weight of the latter, and directly 
proportional to its absolute weight. Rao nit’s experimental 
proof has been substantiated by a theory of the nature of matter in 
solution, devised by Van’t Hoff,f depending on ceidain thermo- 
dynamical relations winch cannot be explained hcie. Hence a 
measurement of the depression of the freezing-point of a solution 
containing a known percentage of dissolved substance nniy be 
made to yield data regarding its molecular weight. The method 
has been applied with great success to the determination of the 
molecular weights of carbon compounds, dissolved in Jitjuids which 
are also compounds of carbon; but data derived fi’om the lowering 
of the freezing-point of water, due to the presence ot a dissolved 
salt, point to the dissociation of tlie salt into the ions of which 
it is composed, that is, the products which are obtained from it 
under the influence of an electric current 

The method of application is as follows: — The observed lower- 
ing of freezing-point of 100 grams ol: water or other solvent, 
caused by the presence of P per cent, of a dissolved compound, is 
termed C ; Raoult terras the ratio C/P the co-efficieiit of lowering of 
freczuig-poM for the dissolved compound. If M be the molecular 
weight of the compound, the ratio MC/P, or the lowering of freezing- 
point per molecule (f the dissolved suhstance, is constant for com- 
pounds of similar nature. The value of this number for com- 
pounds which do not dissociate, or, what corresponds therewith, 
which do not conduct electrolytically, is 19, water being the solvent 
in each case. 

Until this method has been more carefully investigated, it is 
premature to give an extended statement ol results ; it may, how- 
ever, be mentioned that Paterno and NasiniJ have thereby deter 

# Annales (6), 8, 317. t Phil. Mag., August, 1888. 

Berichte, 21, 2153. 
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mined the molecular weights of sulphur, phosphorus, bromine, and 
iodine. For sulphur dissolved in benzene, the freezing-point of 
benzene was found to be depressed about 0 26° for each part per 
cent, of dissolved sulphur. The theoretical molecular depression 
of its freezing-point, calculated by Van’t Holf on theoretical 
grounds, is 53 ; now 0'2G x 192 = 50 ; but 192 = 6 X 32 ; and 
it would follow that the molecule of sulphur dissolved in benzene 
has the formula Se, a probable conclusion from its vapour-density 
(see p. 614). Similar experiments with bromine dissolved in 
water and in acetic acid led to the formula Br2 ; for iodine, I3 
mixed with I ; and for phosphorus, P2 mixed with P4. 

The depression in the vapour-pressure of a liquid produced by 
the presence of dissolved substances was also found by Raoult to 
be approximately inversely proportional to the molecular weight of 
the latter; and Van’t Hoff has also shown that thermodynamical 
considerations lead to a similar conclusion (Zoc. cit.). This method 
has not been so widely applied as that depending on the lowering 
of freezing-point ; but by its help Loeb* * * § has determined the mole- 
cular weight of iodine dissolved in ether and in carbon disulphide; 
his conclusion is that the brown solution in ether contains mostly 
molecules of I4, while the violet solution in carbon disulphide 
contains a large proportion of I2 molecules. This conclusion, it 
will be observed, does not agree with that of Paterno and Hasini. 
Ramsay has also applied this method to detei mine the molecular 
weights of some metals, the solvent being mercury; and the evi- 
dence is in favour of a monatomic molecuhir state. f Experiments 
by Heycock and Neville on the depression of the freezing-point of 
tin and of sodium used as solvents for metals appear to point to a 
similar conclusion. J From the vapour-densities of these metals, 
which have been volatilised, the conclusion would seem to be 
justified. But our knowledge is as yet too immature to allow of 
positive conclusions. 

The monatomic nature of mercury gas. — Before dismissing 
the subject of molecular weights, very valuable experiments of 
Kundt and Warburg§ must be mentioned, which lend great sup- 
port to the view that the molecules of mercury consist of single 
atoms ; and, consequently, that molecules of hydrogen, nitrogen, 
oxygen, chlorine, &c., consist each of two atoms. The argument is 
as follows : — Assuming that the pressure of a gas on the walls of 

* Chem. 80 c., 63, 405. 

t Ibid., 66, 251. 

X Ibid., 66 , 666 . 

§ Ann., 127, 497; 136, 337 and 527. 
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the vessel containing it is due to the impacts ot its molecules on 
the walls ; and that the ehtct of a rise of teinperatui*e of a gas is 
to increase the number of impacts in unit of time, and hence 
its pressure, it is possible to calculate the increase of kinetic 
energy given to a gas by raising its temperature through 1°. 
The amount of beat required to raise tliruugh 1° the molecular 
weiglit expressed in grams of any gas has been calculated to be 
3 00 calories, provided the gas be not allowed to expand ; if it bo 
allowed to expand, it must overcome the pressure of the air ; or if it 
be supposed to be confined in a vertical cylinder u ith a piston it must 
lift a column of air through some height; and, in order that it may 
be able to accomplish tins work, more lit'at must be communicuted 
to it than that which produces merely a rise of temperature. Tins 
may be shown to amount to 2’UU calories more per gram molecmle 
of the gas. The first of these quantities of heat, 3‘()0 calories, 
represents the molecular heat of the gas at constant volume ; the 
second, 5 00 calories, the molecular heat at constant pressure. 
The ratio between these numbers is I : I’GG. The actual specific 
heat of mercury v\apour has not been iletermined ; but it has 
been found by Kundt and Warburg that this ratio actually 
exists between the specific heat of mercury vapour at constant 
volume and at constant pressure. But with oxygen, hydrogen, 
nitrogen, carbon monoxide, nitric oxide, and other gases, 
the molecules of which are pr(‘sumably di.itomic, the molecular 
heat at constant volume is for O 2 , 4'iK) , for Jf 2 , d'82 ; for No, 4’82 ; 
for CO, 4 86; for NO, 4 95; instead of 3*00, the calculated mole- 
cular heat. The specific heat at constant pressure is found by 
adding 2 OO caloiies to each of these niimbeis, thus O 2 , G’96; Ho, 
6 82; N 2 , 6 82 ; CO, G 86 ; Nt), G95. The ratio between these 
numbers is as 1 ; 1 41 a[)proximately. Why does a gas such as 
oxygen require more heat to raise its temperature at constant 
volume than mercury gas? The answer is, that the heat is not 
wholly utilised in eausing molecular motion, but is partly employed 
in causing the atoms in the molecule to rotate, or oscillate; while 
with mercury vapour the monatomic nature of its molecules makes 
such an expenditure of energy irnpos.sible. , 

Granting that mercury gas consists of monatomic molecules, it 
follows from the density ot mercury g.is compared with those of 
hydrogen and ox}gen, Ac , that the molecules of the latter consist 
of two atoms; and from this we can deduce the molecular weights 
of all bodies obtainable in the gaseous state without decomposition. 

♦ For a detailed account of this subject, see Clerk-Maxw ell’s Theory of 

2 s 
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The structure of couipounds has been dealt with as opportunity 
arose during their classification ; and little can be added with 
advantage to what has already been said. Our knowledge of the 
structure of carbon compounds, which forms the basis of organr 
chemistry, is in a much more advanced state than that of com 
pounds of other elements; and further investigation of the 
compounds of carbon containing other elements besides carbon, 
hydrogen, and oxygen is likely to shed light on the subject. 

Heat, Third Edit., chap. XT ; also Naumann’s Thermochemie (1882), 71 et seq.; 
also Ostwalds’ Allgernenies Chemie, 1, 206 (1885). 
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CHAPTER XXXVI. 

THK PERIODIC ARRANGEMENT OF THE ELEMENT?}. 

The relation between the atomic weights of the elements 

lias, almost since the announcement of the atomic hjpotliesis by 
Dalton, been a subject of speculation. The first conjecture, pub- 
lished by Prout (1815), and shoidly afterwards by Meinecko 
(1817), was that, as it was conceivable that tlie ancient doctPine ot 
the uniformity of matter was true, the primary material must be 
hydro_”’en, and the atomic weights of the other elements should 
therefore be multiples of that ^'f hydrogen. This hypothesis was 
warmly advocated by Thomas Thomson, in whose text book 
Dalton’s discovery was fii*st formally announced ; but Berzelius 
pronounced ugainst it, relying on his own determinations of atomic 
weights But in 1842 it was discovered by Liebig and Redten- 
bacher, and confirmed by Dumas and Stas, and by Erdmann and 
Marchand, that Berzelius had made an error in his determination of 
the atomic weight of carbon, and that the corj*ect value was 12 ; and 
shortly afterwards Dumas determined with great precautions the 
ratio of the weights of hydrogen and oxygen in water, obtaining the 
value 16 for oxygen, and by similar work the value 14 for nitrogen ; 
and Front’s hypothesis was accordingly resuscitated, not in its 
original form, however; but it wassiipjiosed that the atomic weights 
of the elements were multiples of 0*5, half the atomic weight of 
hydrogen. This change was necessitated by Berzelius’s determina- 
tion of the atomic weight of chlorine, which is approx iimd-ely 35 5, 
confirmed by Penny, by Marignac, and by Pelouze ; it was ulti- 
mately disproved, however, by Stas's determinations of the atomic 
weights of silver, chlorine, bromine, iodine, pot.issium, sodium, 
lithium, sulphur, nitrogen, and lead, which were executed with a 
precision not to be surpassed. 

Ill 1817 Dobereiner pointed out that the atomic weight of 
strontium is the arithmetical mean of those of calcium and barium. 
This is not actually the case, but the number 87'5 closely ap- 
proaches 88 5, the true arithmetical mean. Many similar “ triads ” 

2 s 2 
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exist, as will afterv\ards be shown; Zeuiier, in 1857, tried to 
arrange all the atomic weights then known as ‘‘ triads.” 

In 1850 Pettenkofer suggested that the atomic weights of 
similar elements formed ai-ithmetical series. This view was^ 
adopted and extended by Bremers, Gladstone, and Dumas. 

The first fruitful attem{)t to introduce order into the seem- 
ing chaos of numbei-s was due to Newlands in 1808 and 1804. 
It has recently been pointed ont that de Chancourtois,* Pro- 
fessor of Geology at the Ecole des Mines in l\aris, had indepen- 
dently anticipated Newlands by about a year ; but his suggestions 
were encumbered with untenable theorie.s, and met with no atten- 
tion. Newlands arranged all the elements tlnui known in the 
order of their atomic weights, and observed that every eighth 
element, as a general, but not absolute, rule, belonged to the same 
class, manifesting similar propet ties. lie termed this relation 
the law of octaves.’’ 

In 1^69 D. Mendeleeff, Professor at St. Petersburg, and 
Lothar Meyer, now Professor at Tubingen, in Wurtemburg, 
simultaneously published on the subject, both poiiitiug out, inde- 
pendently of the oth('r, that “ the properties of the elements are 
periodic functions of their atomic weights.” The methods of 
representation, though the idea was essentially the same, differed 
slightly from each other. Meyer’s scheme was as lolluw^s :t — 


Li 

Bo 

B 

C 

N 

O 

F 

TSa 

Mg 

A1 

Si 

i* 

s 

Cl. 

K 

Ca 

Sc 

Ti 

V 

Cr 

iVln Fe, Co, Ni. 

Cu 

Zn 

(jra 

Go 

As 

Se 

Br. 

Kb 

Sl- 

y 

Zi- 

Nb 

Mo 

— Ku, Kh, Pd. 

Ag 

ed 

In 

Sn 

Sb 

To 

I 

Cs 

Ba 

La, Pi 

Ce 

— 

— 

— — 





Yb 



Ta 

W 

— Os, Ir, ri. 

Au 

Hg 

T1 

Bb 

Bi 

— 

— 

— 


— 

Th 

— 

u 

— 


Mendeleeff’s table is somewhat differently constructed, although 
essentially the same. It may be regarded as Meyer’s table turned 
through a right angle : — 


* Nature, 41, 986. 

t The table lias been given as published in the last edition of liis “ Modenieu 
Xheorien see also the translation by Bedson and Williams, 1888. iho 
position of cerium has been altered to the carbon groiq). 
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R.OT Li K Rb Cs — — RCl. 

KO lU Ho Ca Sr Ba — — K0l>. 

RA^ni B Sc Y La Yb ~ KCl.,. 

ROoIV (' Ti Zr Cc — Th KCI4. 

RP, V(tTl) ... N V Nb Di Ta - RCl.JlCl^. 

ROjVI (LI).... O €i* Mo — W U RCl2(ROl6) 

RP; Vll (1).. .. ¥ Mil — — -- — R0i(RCi;). 

fFo fRii rOs 

RO4VIIE Co ^ Rh ^ Lr 

[ Ni I l\l [ Bt 

Rpi Nil Cu Air — All — RCl. 

RO II Mg Zn Cd — Bg RClg 

RPaltl Al Ga Jn — Tl — RCI3. 

RO, IV Si Ge Sn — Pb — RCU4 

rAv(III).... V As Sb — Bi ~ RCl3,R(M5 

RO3 VI (Tl) .. .. S So To — — R(n2,(RCl6). 

RP7Vni(T)... Cl Bi- I _ _ _ RCl. (RCl;). 


While in L ^foyer’s table the alti^rnnie elements show analogy 
with each other, in Mendeleeft’s table the elements are divided 
into two classes. 

Wo shall consider; 1, the numerical relations of the 
numbers expressing atomic weights ; 2, some of tlie physical 
properties of the elements and their compounds, varying 
with atomic weight; 3, a comparison of the forrnuloo of com- 
pounds of the elements; and 4, the lulfilment of predic^ 
tions of the atomic weights and properties of undiscovered 
elements, and the changes in recognised atomic weights, due to 
the periodic arrangement 

1. Numerical relations. — These are best seen by reference 
to Lothar M(;yer’s arrangement. 

(a ) Varfiral CA)liimns . — It is to be noted tliat the atomic 
weights of the elements of the Na, JMg, Al, Si, P, S, and Cl 
columns are nearly the mean of those of the nearest elements of 
the Li, Be, B, C, TsT, 0, and F columns. Thus, for example, the 
mean of the atomic weights of Li and K= ^ (7*03 -j- 39T4) =23’08 ; 
the atomic weight of sodium is 23'06. Calculating in this manner, 
we have the following numbers : — 


Na Mg Al. Ri. P. R. Cl 

Calculated 23 OS 24*5 27*5 30 0 32 G 31 2 37 0 

Found 23-06 21'4 27*1 28*4 31 0 32 I 35 5 

Difference +0 02 +0 1 +0 4 + 1*6 +1 6 +2*1 +2*5 

Here there is a constantly increasing difference. 

Cu. Zn. Ga. Ge. As Re Br. 

Calculated 62 3 63*7 66 4 69*4 72 7 74*1 — 

Found 63-3 65-5 69 '9 72 -3 75 ’0 79 -1 

Difference -DO ' -1*8 -3*5 -2 9 -2-3 -5*0 — 
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We note that the negative difference shows signs of increase; 
but it is irregular. 


Ag Cd. In. Sn. 

Calculated 109 15 112*2 113 ‘(5 115 4 

Found 107 94 112 1 113 7 118 1 

Ditieronco +1*21 +01 —0*1 —27 


There are no data for further calculations; it is to be noticed, 
however, tliat the difference is, to begin with, a positive one, 
becoming negative. It would be possible, however, to calculate, 
with some probability of correctness, the atomic weight of the 
element succeeding niobium, in the nitrogen group, in the follow- 
ing manner ; — The difference between the calculated and the found 
values of silicon and phosphorus is, in each case, + 1*6 ; that 
between the calculated and found values of germanium is — 2 9, 
and of arsenic — 2*8 ; it is, therefore, to be expected that the differ- 
ence will be approximately —2*7 between the calculated and found 
values of antimony, for it is approximately the same for the 
members of the fourth and fifth groups. The atomic weight of 
antimony is 120*3 ; subtracting from it 2*7, we have 117*6 ; multi- 
plying by 2, we obtain 235 2, as the sum of the atomic weights 
of niobium and the element immediately following it, and preced- 
ing tantalum. Subtracting from 235*2 the atomic weight of 
niobium, 94*2, we obtain 141*0 as the probable number for the 
element “ eka- niobium.” Whether this is identical with neo- 
dymium, one of the products into which the element did^/niium was 
split up by Auer von Welsbach in 1885,* and to which ho assigns 
the atomic weight 140*8, time must determine. The properties of 
its compounds, so far as they have been investigated, hardly lend 
support to the view ; but it is probable that it has not yet been 
obtained in a state of sufficient purity to allow of definite 
conclusions. 

Another method of averaging may be tried for the atomic 
weights of elements of the Li, Be, B, C, N, O, and F groups. It 
is seen at once that the atomic weight of calcium, for example, 
which is 40*0, differs greatly from the mean atomic weights of 
magnesium, 24*4, and zinc, 65*5 = 44*9. But a closer approxima- 
tion may be obtained in some instances by taking the average of 
the atomic weights of the two nearest elements in the same 
vertical row. We thus obtain the “triads,” to which attention 
was directed by Dobereiner. This method is not available for 

♦ Monatsh.f. Chem.^ 0 , 477. The author has been verbally informed by 
C. M. Thompson, that he has confirmed von Welsbach’s work. 
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potassium, calcium, scandium, &c. ; for example, Li 7 03 + Rb 85*4 
= 92’4S, and (92*43) = 46*21, a number very far fi‘om K = 39*14. 
But Rb = 85*4 is approximately the mean of K = 39*14 ami 
Cs = 132*9, viz., 86*02 ; Sr = 87*5 is nearly the mean of Ca = 40*0 
and Ba = 137*0, viz , 88 5 ; Y = 88*7 does not greatly differ from 
^(Sc = 44*1 4- La = 138*5) = 91*3 ; and Zr 90*7 may be com- 
pared with -KTi = 48 1 4- Ce = 140 2) = 94 1. The difference, it 
will be noticed, is an increasing one. 

Applying the same method to Cu, Zn, Ga, Ge, As, Sc, and Br, 
Le , Cu = ^(Na -f Ag), Zn = o(Mg -f Cd), &c , we obtain : — 


Calculated .... 

Found 

DifPerence .... 


Oil. 

Zn. 

Ga. 

Go. 

As. 

So. 

Br. 

65-5 

68-2 

70-4 

73-2 

75-7 

78-5 

81*15 

63*3 

05 *5 

(19*9 

72*3 

75 0 

79*1 

79 00 

+ 2*2 

+ 2-7 

+ 0*5 

+ 0 9 

+ 0 7 

-0 6 

+ 1*19 


Here, too, the approximation is fair, but the differences are 
irregular. 

(6.) Horizontal rows. — The question here is as regards tin* 
position of the atomic weight of an element with respect to those 
immediately preceding and succeeding it in numerical order. The 
comparison is as follows : — 



Be. 

B. 

C. 

N. 

O. 

F 


Calculated. . . . 

9*02 

10 55 

12*52 

11 00 

1G*5 

19 

5 

Found 

9-10 

11 01 

12*00 

11*01 

IG 0 

19 

0 

Dilference .... 

.. -0 08 

-0*40 

+ 0 52 

-0 04 

+ 0*5 

+ 0 

5 


Mg. 

Al. 

Si. 

P. 

S. 

Cl. 

Calculated. . . . 

25 08 

2G 39 

29 OG 

30 23 

33 21 

35 

GO 

Found 

21 38 

27 1 

28*1 

31 03 

32 06 

35 

45 

Difference .... 

.. +0*70 

-0 72 

+ 0 G6 

-0 80 

+ 1*18 

+ 0 

15 


C-a. 

Sc. 

Ti. 

V 

Cr. 



Calculated. ... 

41 -6 

41 0 

47 6 

50 2 

53 1 



Found 

40 0 

41 1 

48*1 

51 *2 

52*3 



Difference. ... 

.. +1 6 

-0 1 

-0*5 

-1*0 

+ 0*8 




Zn. 

Ga. 

Ge. 

As. 

Se. 



Calculated. . . . 

. . OG *6 

68 -9 

72*4 

75 7 

77 *5 



Found 

. . (35 5 

69*9 

72*3 

75*0 

79*1 



, Difference .... 

.. +1*1 

-1 0 

+ 0*15 

+ 0*7 

-1*6 




Sr. 

Y. 

Zr. 

Nb. 

Mo. 


p # 

Calculated. . . . 

87 *0 

89*1 

91 4 

93*3 

— 

99 G 

Found 

87 5 

88*7 

90*7 

94*2 

— 


— 

. Difference .... 

1 

o 

c3v 

+ 0*4 

+ 0 7 

-0*9 

— 


— 


* This atomic weight has been calculated on the assumption that the average 
number would bo 1*0 too small. 
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C(l. In. Sn. Sb. To. 

Calculated IIO'S US T 117 0 121 5 128 6* 

Found 112-1 118-7 118 1 120 3 125 0 

Difference -1-32 +1-4 -11 +12 -14 



Ba. 

La 


T1 

Pb 

Calculated. . . . 

.. 185-7 

188 G 

200 6 

208 6 

20G 0 

Found 

. . 137 0 

J.SS 5 

200 -4 

201- 1 

2(M) 9 

Difference .... 

.. -1-3 

+ 0 1 

+ 0-2 

-0 5 

-0 9 


Tt has not licen tlioiight pcnnissihle to take the mean of th 
second last member of one row and the first member of the nexf 
so as to obtain the atomic weight of the last member; hence, th 
atomic weights of the first and last members of the rows are, as i 
rule, omitted. Tlie results, however, show that, although it i 
possible to approximate to the atomic weights of unknowi 
elements, the numbers are too irregular to allow of accurate pre 
diction. 

Various attempts have been made to devise some scheme whicl 
should reduce these numbers to o]*der One which holds ou 
hopes of ultimate success is due to G. Johnstone Stonej * lint] 
more accurate numbers have been obtained in all cases, ihere i 
little to be done. Jt may be stated, however, that the variation 
from a mean curve passing among points representing atomi 
weights appear themselves to vary periodically. 

To discover the true relations between these numbers mus 
remain one of the problems of chemistry ; and its discovery wil 
in all probability, prove a key to many problems at presen 
unsolved. 

As an example of attempts which have frequently been mad 
to assign some cause for the periodic arrangement, a recent not 
by A. M. Stapley will be here quoted. His table is given on th 
next page.f 

These i-esults are obtained by taking (as a rule) the fir? 
member of a column, and adding to it 16, or multiph's tberco 
for elements on the left, and the product of tlie first membe 
by 2, adding to it 16, or multiples tbereof, for the elemenl 
on the right of each column. There is, generally speaking 
a certain concordance between the numbers olitained and tli 
true atomic weights; but there are many wide discrepanciei 
especially in the row containing Os, Ir, Pt, Au, &c. The authc 

* “ The logaritliiuic law of atomic weights,” Chem. Soc. Absfr., 1888-8 
55. 

t Nature, 41, 57. 
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Yil. 


ir . 1 

E> = 3 
3 + 1(>F. 
Ci 3 + 32 
6+48 Mn 
Hr 3+80 
6 + OG ^ 
13+ 128 
G+ iir-' 
?3+ 17G 
G + 192? 

? 3 + 224 


E^' = 4 

8 + 48 Fe 
8 + 96 Ru 

8 + 192 Os 


YIIT 

E»' = 5 

10 + 48 Co 
10 + 9GEli 

10 + 192 Ir 


E»' ^ 6 

12 + 18 Ni 
12 + 9GPd 

12 + 192 Pt 


I. 


Li 7 

7 + IG Na 
Iv 7 + 32 
11 + 48 Cu 
1U)7 + 80 
11+96 Ag 
Cs 7+128 


11 + 192 \u 


IT. 

ITT. 

TV. 

V. 

YI 

Ih* 9 

E 11 

C 12 

N 14 

0 16 

9 + 16 Mg 

11 + IGAl 

12 + 16 C 

14 + 16 P 

16 + IBS 

(\i 9 + 32 

Sell + 32 

K 12 + 32 

V 11+32 

Cr 16 + 32 

18 + 48 Zn 

22 + 48 (la 

12 + 48 Gc 

1 1 + 18 As 

32 + 18 Sc 

Sr 9 4 80 

Y 11 + 80 

Zr 12 + SO 

Nbll + 80 

Mo 16 + 80 

18 + 96 Cd 

22 + 96 III 

21 + 9(>Sn 

28 + 96 Sb 

32 + 96 Tc 

Ea 9 + 128 

LmII + 128 

(V12 + 128 

Di 14 + 128 

— 

— 

22 + 114 Kr 

— 

— 

— 

— 

— 

— 

— 

WIG + 176 

18 + 192 Hg 

22 + 192 T1 

21 + 192Pb 

28 + 92 El 

— 



TI 1 I 2 4 224 

• — ■ 

U 16 + 224 


of this sng_ig(\stion compares these figiua'S with those' of the oxides, 

7 p , MO, JVIO 2 , MOs, (I'C Tins lias no real signiticance, but 

only ty})ifies the tact that 16 is an average diiferenec. Tlie 
scheme has little to recommend it, and is adduced merely as a 
sam])h* of nnmerons attempts of the kind 

2. Physical properties.- (a ) Volumes and their connec- 
tion with atomic weights — The specific volume of a substance 
expressed in units is the volume of one gram ; the specifie 
gravity is the weight of one cubic centimetre; and it is obvious 
that the one is reciprocal to the other. The atomic weight, multi- 
plied by the specific volume, or divided by the specific gravity, 
gives the atomic volume of au elemeut ; that is, tlie number of 
cubic centimetres occupied by its atomic weight expressed in 
grams. If it were certain tliat the space Ix'tween the atoms of 
liquids and solids were equal in all cases, the resulting numbers 
would give the comparative volumes of the atoms; but, as this is 
]irobably not the case, the numbers represent merely the volume 
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of the atom plus the space it inhabits. That such constants bear 
definite relations to the periodic arrangement of the elenfents is 
seen from the following table ; — * 



1. 


2. 



3. 


4. 


5. 



6. 

1 

Li = 

119 

K = 

45*5 

Rb 

= 

56-3 

Cs = 70-6 


— 



— 

2 

Be = 

43 

Ca = 

25 3 

Sr 

= 

34-5 

Ba = 36 5 


— 



— 

3 

B = 

41 

Sc = 

v 

Y 

= 

? 

La = 229 


— 



— 

4 

C = 

3 i 

Ti = 

y 

Zr 


21-9 

Ce *=• 21 0 


— 


Th 

= 29 9 

5 

N - 

— 

V = 

9-3 

Nb 

= 

14 5 

— 

Ta 

= 

17 0 


— 

0 

0 — 

Cr = 

7 7 

Mo 


11 1 

— 

W 

= 

96 

U 

= 13 0 

t 

F - 

— 

Mii = 

7 4 


— 


— 


— 



— 




rFe = 

66 

Ru 

= 

92 

— 

Os 

== 

89 


_ 

8 


— ^ 

Co = 

67 

Rh 

= 

9 5 

— 

Ir 

= 

86 


— 




iNi = 

67 

Pd 

= 

9 3 


Pt 

= 

9 1 



1 

Na = 

23 7 

Cu = 

72 

Ag 


10 3 

__ 

All 


10 2 


— 

2 

Mg = 

13 3 

Zn — 

9 5 

Cd 


13 0 

-- 

bg 

= 

14 8 


— 

3 

A1 = 

10 1 

Ga = 

11 8 

In 

= 

15 3 

— 

Tl 


17 2 


— 

4 

Si = 

11 3 

ae = 

13 2 

Sn 


16 1 


Pb 

= 

182 


— 

5 

P = 

13 5 

As = 

13 3 

Sb 

= 

17 9 


Bi 

= 

21-2 



6 

3 = 

157 

Se = 

18*5 

Te 

= 

20 3 



__ 



— - 

7 

Cl = 

25-6 

Br = 

25*1 

I 

= 

25-7 

— 


__ 



-- 


Similar regularities are observable in the molecular volumes of 
the oxides ;t those of the lithium and sodium groups are taken as 
MgO ; those of tiie beryllium and magnesium groups as M.2O2 ; 
those of the boron and aluminium groups as M2O3 ; of the carbon 
and silicon groups as M2O4 ; of the nitrogen and phosphorus 
groups as M2O5; and of the cliromium and sulphur groups as M^Oc. 
The volumes are those of oxides supposed to contain 1 atom of 
element. 



1 . 


2 

3. 


4. 

5. 

6 

1 

LuO 

7 

K 2 O 17 

Rb 20 

21 

Cs,0 25 

— 

— 

2 

Be, 0 , 

7 

CaoOa 18 

Sr^ih 

22 

Bali ), 28 



3 

B 2 O 3 

19 

Sr/li 18 

Y 2 O 3 

23 

LiioC 2 o 

— 

— 

4 

C 2 O 4 

46 

T 12 O 4 20 

ZroOj 

25 

CI 2 O 4 26 

— 

T1.204 27 

5 

N 

__ 

V 2 O 5 20 


30 

- 

T«205 31 

— 

6 

0 

— 

CroOg 37 

M. 020 g 

33 


W 20 g 37 

UsOg 56 

7 

P 

— 

Mn — 

— 

— 

— 

— 

— 

1 

Na 20 

11 

CiioO 12 


14 

— 

AU 2 O 18 

— 

2 

MgsOs 

12 

Z 112 O 2 14 

CdaO. 

16 


Hg202l9 

— 

3 

AI 2 O 3 

13 

Qn]Oj 17 

InjOj 

19 

— 

TI 2 O 3 23 

— 

4 

S 12 O 4 

23 

GC 2 O 4 22 

Sn 204 

22 

— 

Pb204 27 

— 

5 

1^205 

30 

As^Oi 31 

SboOg 

42 

— 

— 

— 

6 

S ,06 

41 

Se — 

Te 

— 


B 12 O 5 42 


7 

— 

_ 

Br 

I 



— 

— 


* Somewliat altered from that given by L. Meyer, Annalen, Suppl.^ 7 , 354. 
t Brauner and Watts, Berwhte^ 14, 48. 
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(6.) Melting-points.* — These, so far as they are known, are 
on the absolute scale as follows : — - 




1. 


2. 


L 

4. 


5. 

6. 

1 

Li 

453 

X 

335 

Kb 

311 

Cs 300 


-- 


2 

Be 

1230 + 

Ca 

+ 

Sr 

+ 

Ba 748 


- 


3 

B 

+ + 

Se 

? 

Y 

? 

La + + 


— 


4 

C 

00 

Ti 

QO 

Zr 

+ + 

Ce + + 


— 

Til 

5 

N 

59 

V 

00 

Nb 

00 

— 

Ta 

00 

— 

6 

O 

69- 

Cr 

2270 + 

Mo 

00 

— 

W 

+ + 

U 2008? 

7 

F 

__ 

Mn 

2170 




-- 


— 

— 



f 

Fe 

2080 

f Ku 

2070 

1 

f Os 

2770] 


8 

— 


Ni 

2070 

\ Rh 

2270 

1 - 

Ir 

2220 [ 

— 



1 

CU) 

1870 

[ I’d 

1775 

J 

LPt 

2050 J 


1 

Na 

369 

Cii 

1330 


12.10 


Au 

1310 

__ 

2 

Mg 

1023 

Zii 

690 

Cd 

590 

- 

Bg 

234 

— 

3 

A1 

1123 

Ga 

303 

In 

419 


dd 

563 

— 

4 

Si 

+ + 

Go 

1173 

Sii 

503 

- 

i’b 

599 

- 

5 

P 

528 

As 

773 + 

Sb 

710 

— 

Bi 

510 

- 

6 

s 

388 

So 

490 

Tl 

728 

— 

- 

- 

- 

7 

Cl 

198 

Br 

266 

I 

387 

- 

- 

- 

— 


The 

signs -f 

and — affixed 

to a 

number si 

giiify that 1 

the melting- 


point is above or below the number given. The sign standiiig 
alone means that the melting-point is higher than the one imme- 
diately above. The sign oo means that the element has not been 
melted. Simdar i*elatioiis have been traced lor the halides and 
ethides by Caruellcyf for hoding-points, showing similar regu- 
larity. 

The periodic ari*angement also shows analogies between the 
refraction-ecjuivaleiits and the conductivity for heat and elec- 
tricity of the elements, and also heats of formation of halides, 
oxides, &c., which lack of space will not allow us to discuss here. 
Enough has been given, however, to fully justify the statement 
that the properties of elements are functions of their atomic 
weights. 

o. Comparison of the elements and their compounds. — 

These must be very summarily discussed. Beginning with halides, 
it is to be noticed that elements of the lithium group form only 
halides of the formula MX; while sodium resembles them in 
this respect. The bodies are not soluble in, and do not react 
with, water ; or, to speak more correctly, water may be expelled 
from their solutions without decomposing them. Of the sodium 
group, the elements copper, silver, and gold more closely re- 

* Lothar Meyer. 

t Fhd. Mag,^ July, 1884 j Sept., 1885. Chem News^ Nos. 1375-1378. 
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semble those of the iVon, palladium, and platinum groups than 
they do sodium. Their monohalides are insoluble; and they 
form soluble dilialides, which connect them with the elements 
of the magnesium group ; while gold forms trihalides. The halides 
of the beryllium group are, without exception, dihalides, as are 
also those of the magnesium group, with exception of mercury, 
which harks back, as it were, to the sodium group, forming mono- 
halides closely resembling those of copper, silver, and gold, 
Trilialides of elements of the boron group are the only ones known ; 
the elements of the aluminium group, also, all form trihalides ; 
but a dilialide of aluminium is known in combination; also a 
di halide of gallium ; and indium forms both a di- and a mono 
halide. Tho dilialides are wanting Avith thallium, but the mono 
halides are the more stable compounds. The elements of the 
carbon group form only tetrahalides ; the compounds such fii 
MoXfi, which might pass for trihalides, are, without doubt, com 
binations in which two atoms of tho element M are conjoined 
cerium, however, may form a genuine trihalide. The silicon 
group of elements also forms ti'trahalides, those of lead beint 
unstable; Avhile silicon, gormanium, and tin also form dilialides. 

Elements of the nitrogen group, nitrogen itself excepted, forn 
more than one halide ; thos(‘ of vanadium b(‘ing specially numerous 
but, while niobium forms two, tantalum forms only one. Tin 
order is reversed with the phosphorus group ; foi*, while phosphoni 
is capable of uniting with as many as eleven atoms of halogen, bii 
not with less than three, bismuth appears incapable of combiniiij 
with more than three atoms of a halogen, and also forms a dihalidt 
The elements chromium, manganese, iron, cobalt, and nickel fori 
halides much more closely resembling each other than the halides c 
chromium and manganese resemble those of the oxygen and fluorin 
groups ; while molybdenum, tungsten, and uranium are agai 
noted for the great number of their halogen compounds. Sulphm 
selenium, and tellurium appear to c imbine Avitli two and wit 
four atoms of halogen ; although the compounds are not all r( 
presented. Iodine forms a mono- and fU tri-chloride. Th 
halides of the iron and of the palladium groups correspond to tl 
formulae MX2, MXj, and and those of the platinum grou 

are similar. 

The capacity for forming double halides appears to increase, f 
a rule, with rise in atomic weight; but it must be remarked th? 
the investigation of these bodies is closely connected with the 
stability in presence of water; few compounds having bee 
isolated which are unable to resist the action of that agent. 
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Taking next in order the alkides, for example, the ethides, wo 
have as* the only representative of the lithiiiiii group the double 
ethide of zinc and potassium, K(CJd5).Zn(CiH-,)2, and of the 
sodium group, the corresponding compound Na(C2H5).Zn(C2H<))-i> 
corresponding with the hali<h*s of sodium and potassium. 'I'he 
beryllium group is represeiLted by lk‘((hll5)2, corresponding to 
the lialides ; and we have next Mg’(('2ir^)2 and Zn((J.H5)2, I’l'jire- 
senting the dihalides. The niereiiry conqiound, Hg(ChHj,).., also 
corresponds to its dihalide; of the boron-group, B(C2l;b,)5 is the 
only ethide known ; but with aliiminiuni the two compounds, 
A1(C2H5)3 and Al2(CoH6)(., have been prepared; the theoretical 
consequences of the existence of these bodies have been alluded to 
on p. 504 . With silicon, SdChHs)! and Si2(C.H5)6 are known; 
w^ith tin, Sn(C2H5)4, 8113(02415)6, and SnXOiHs)^; and with lead, 
Pb(C2H04 and Pb2(0.2H5)r,. 

Of the nitrogen group, we have N(C2TP)i and ^2(02115)4; and 
of the phosphorus group, P(02H5)j and P, (03115)4; also As(02H5)„ 
As( 03H5)3, and As2(03ll5)3. Similarly, with antimony, the com- 
pound Sb(02H5)i is known. 

The hydroxides in general correspond to the halides; but it 
may be pointed out again here that 0 ( 0 H)i, P(011)5, and S(OH)6 
are unstable, and hence unknown, although their derivatives 
00(OH)3, P 0 ( 01 I )3, and SO.(OH)3 lead us to infer their possi- 
bility. 

The oxides, sulphides, selenides, and tidliirides are much more 
numerous and complex. For with elements of the lithium and 
sodium groups we have not merely what we may term normal 
oxides, such as L12O and Na30, but also such bodies as K3O3, 
K2O4, K385, Ac. If we include copper, silver, and gold, we have 
also M3O, MO, M30{, and MO3 ; but it is doubtful wliethm* these 
elements are not really members of the iron, })alladium, and platinum 
groups. With the beryllium group, we have Ca02, SrO^, and 
BaOi, besides BaS, BaS2 BaS.}, SrS^, and BaS^. In the magnesium 
group, however, the existence of dioxides is doubtful ; but its last 
member, mercury, forms an oxide, Hg^O, corresponding to its 
monochloride; and in the boron group the only known oxuh s are 
trioxides, except with yttrium and lanthanum, where evidence of 
higher oxides, ^^41)9 and lja409 has been obtained. ilert‘, too, wi‘ 
notice a well-marked tendency to form double oxides with those of 
other elements. The borates, although indefinite, contain the 
oxide B^ 0 .i as their ‘'acidic*’ constituint. Elements of the alu- 
minium group, thallium excepted, lorni exclusively sesquioxidi s 
and sulphides ; aluminium, too, forms many double oxides, 
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among others, the spinels. Both a monoxide and monosulpliide 
and sesquioxide and sesqnisulphide of thallium are known, and 
also a dioxide in combination with other oxides, where it plajs an 
“ acidic ” part. 

With the carbon group, the oxides become more numerous. We 
know those of the general formulae MO, MaO^, MO^. MaOft, MO3, and 
M2O7, the dioxides, MO2, exhibiting definite acid characters, and 
the greatest stability, except with cerium. Silicon and its 
“ homologiies ” form monoxides and monosulphides, sesquioxides 
and sesqui sulphides, and dioxides and disulphides. Again, those 
of the formula MR, are most stable, and display “acidic” 
characters. 

The elements of the nitrogen group also form numerous oxides 
and sulphides. We know M2O, MO, M2O3, MO2, M2O5, and MO3. 
Those of the formula M^Os are best characterised, and their com- 
pounds are most stable. The closely analogous phosphorus group 
is characterised by compounds of the formulie P4O, P4S3, BiO, 
PiOe, P.O 4 , P.0,. 

The compounds of phosphorus and arsenic of the formulae 
PaOs and AS2O, are the most stable ; those of antimony and bismuth 
find their most stable stage in Sb4()6 and BuOg. 

Of the group of which oxygen is the first member, we have 
chromium with derivatives such as MO ; chromium and molyb- 
denum forming compounds such as Cr^Os, M02O3 ; chromium, 
molybdenum, tungsten, and uranium giving dioxides, MO2, and 
trioxides, MO^; while molybdenum forms a tetra sulphide, M0S4, 
and uranium a tetroxide, UO4. Still higher oxides of uranium 
appear to exist in combination. Those of the type MO3 appear to be 
best characterised. Oxides of elements of the sulphur gi'ouy) are not 
as a rule stable, except in combination ; but SO2, SO3, SeO,, TeOa. 
and TeOs are known. Compounds of S2O2, S2O3, and S/)7, beddes 
others more complex, are known as hyposulphites, thiosulphates, 
and persulphates. Perhaps the oxides MO3 may be regarded as 
most characteristic. 

The oxides of manganese are very numerous, resembling those 
of aluminium and chromium on the one hand, and those of iron, 
nickel, and cobalt on the other. We are acquainted with MnO, 
Mn203, Mn02, and with Mn03 and Mn207 in combined ion. The 
most stable oxide is MnO ; that characterising the position of 
manganese in the periodic table isMn207. The sulphides are fewer 
in number. 

The oxides of the halogens, taken together, furnish representa- 
tions of M2O, M2O3, MO2, M2O5, and M2O7. The second and fifth are 
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known only in combination. The sulphides range from CliSe to 
CI2S2. The oxide M2O7 is regarded as characteristic. 

Proceeding to the iron group, we have iron itself, with oxides 
FeO, Fe203, and FeO^: the last in combination ; and the sulphide 
FeS2 ; cobalt, with CoO and C02O3 ; and nickel, with the sulphide 
NiaS, and the oxides NiO and Ni^Og. 

The palladium group contains compounds representing MO, 
M2O3, MO2, and MO3; and the platinum group MO, M2O3, MO,, 
MO3, and MO4. 

The reason for inserting the general formuhn of the oxides and 
chlorides at the beginning and end of the table on p. 62b will now 
be seen. These oxides and chlorides certainly exist in most cases, 
either free or in combination. Jlut the elements do not form such 
compounds exclusively. It is possible that when we know more 
about the temperature of maximum stability of such compounds, 
we shall have light thrown on the subject ; for the present, all that 
can be said is that there is certainly a definite order visible in the 
periodic arrangement of the elemenis, in which, in the main, 
elements possessing similar properties are grouped together ; and 
we must trust to experiment to give us knowledge of the true 
meaning of all its apparent inconsistencies and anomalies. 

The borides, cat bides, nitrides, jdiospbides, ttc., do not throw 
any further light on the periodic arrangement. They have as yet 
been too little investigated 

4. Prediction of undiscovered elements.— When Men- 
delec'ff gave its present lorin to the jicriodn; table, the element 
indium nas believed to possess the atomic, weight 76, twice its 
equivalent, which is 38; tlie formula of its most stable chloride 
was, therefore, acce})ted as InCd^, and of its eorrespoiidiiig oxide, 
InO. The properties and reactions of the element and its com- 
pounds forbade it having a place in the potassium or calcium 
groups; moreover, there was no vacant ]dace for it; its atomic 
w'eight could not, therefore, be 38 With the then accepted atomic 
weight 76, it would have fallen between arsenic and selenium, a 
position for which it showed no analogy, and, again, one occupied 
fully. With the atomic w^eight 38 x 3 = 114, it falls in the 
aluminium group; and its specific heat, shortly afterwards deter- 
mined, confirmed its right to that position. 

The element uranium was supposed to possess the atomic 
weight 120. The formula of the uranyl compounds, which are 
very characteristic, contained the group (U202)‘‘, and its stable 
oxide was regarded as U2O3. But with the atomic weight 120, its 
place is among elements such as tin, antimony, and tellurium. 
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with which it lias no connection ; and, a^aiii, these places were 
already filled. Hence it was decided to double the atomic weight ; 
assigning the formula to the iiraiiyl group, and UOi to 

its oxide. It then fell into its true position as the analogue of 
molybdenum and tungsten. This conclusion was afterwards 
ratified by Zimmerniari. 

The element with the ajiproximate atomic weight 44, in the 
boron group, was then unknown. Mendeleeft’ predicted its exist- 
ence. Belonging to the boron group, eka-boron/’ as he nameil 
the element, should have an oxide of the formula M 2 O 3 , without 
very marked tendencies towards combination, inasmuch as it lies 
between calcium and titanium ; its sulphate should display analogy 
with that of calcium, and be sparingly soluble ; it should accom- 
pany the next member of the group, yttrium, and should he 
difficult to sejiarate from that element. “ The oxide will be in- 
soluble in alkalies ; ” it will give gelatinous jirecipitatcs with potas- 
sium hydroxide and carbonate, sodium phosphate, &c., &c. Ten 
years later, scandium was discovered by Nilson, possessing 
these identical characteristics. 

At the same time, Menleleeff predicted the existence of two 
other elements, also then unk’nowm, viz , eka-aluminium ” and 
eka-silicon.’^ Eka-alumimum should have the atomic weight 
68 ; its compounds should resemble those of aluminium in formula. 
It should be easily reduced, stable, of sp. gr. about 5 9, and 
should decompose water at a red heat. All these predictions 
were subsecpieiitly fulfilled by ^ gallium/’ discovered in 1875 
by Lccoq de Boisbaudran.* Eka-sibcon was not discovered till 
much later. It is the element ‘‘germanium/’ discovered by 
Winkler in 1886. As with gallium, it fullils all that Mendeleeff 
predicted. 

Among other points to be mentioned are the correction of the 
atomic weight of beryllium, long maintained to be three times its 
equivalent 4 ’ 6 , instead of twdee (see p. 128) ; the placing in their 
true position the elements osmium, iridium, and platinum, 
since continued by the re-determiiia:ion of their atomic weights, by 
Seubert (Os = 1908; Ir= 192-64; and Pt = 1P4-46) ; also of 
gold by Thorpe and Laurie (197 84), confirmed by Kruss (197 12) ; 
the numbers previously accepted were Os = 200 ; Ir, 197; and 
Pt, 197 to 198, while gold was taken as 197*1, differing little from 
those more recently obtained. 

Brauner announced, in 1889,'|’ that he has for six years been 

* Mendeleeff, Comiit. rend , 81, 9G0. 
t Chem. Soc., 1889, ^82. 
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engaged in determining the atomic weight of tellnrinm. At pre- 
sent, tile data represent it with the atomic weight 128. But it 
must obviously lie between antimony, on the one hand, with the 
atomic weight 120*3, and iodine, 126*86. Mendelecff assigned it 
the atomic weight 125 in his earliest table. Brauner finds that 
the element named tellurium is a mixture of, at least, throe 
elements, and he is at present engaged in their separation. It is 
not improbable that his work will result in the discovery ot* 
elements of higher atomic weight, for which there are vacant 
places in the antimony group, and also following tellurium in the 
sulphur group. 

The rare elements, desciabed in Chapter XXXIV, now being 
investigated by Crookes, Cleve, Nilsson, and others, present 
problem difiicnlt to solve. Should it appear, as believed by Crookes, 
that these elements at'e capable of resolution into an almost 
infinite variety of others, the conclusion will bo difficult to recon- 
cile with the periodic arrangement, but should it finally prove, as 
the author believes to be more likely, that they supply the phices 
wanting between the atomic weights 141 and 172 inclusive, com- 
prising in all 15 undiscovered, or, at least, unidentified, elements, 
the periodic table will be nearly completed. Time alone will show 
which of these surmises is the correct one. 
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CHAPTER XXXVII. 

PROCESSES OP MANUFACTURE. 

Various processes of manufacture will now be discussed, for they 
cannot be correctly understood in all their bearings without a 
previous knowledge of scientific chemistry. In a work of this 
extent, the treatment must necessarily be incomplete; and atten- 
tion will be drawn to the chemical nature of the changes involved 
in manufactures, rather than to the mechanical appliances and 
plant requisite to carry them out. For detailed information on 
such questions, special treatises must be consulted. 

The matter will be arranged under three main heads : — 

1. Combustion ; and means for generating high temperatures 

2. The metals : their extraction from their oi’es. 

3. Other processes of chemical manufacture arranged, so 
far as is possible, as the operations are carried out on a large 
scale, those manufactures which are carrieel on under one 
roof being grouped together. 

1. Combustion. — For practical purposes, combustion is the 
union of carbon, or of gases containing hydrogen and hydro- 
carbons, with the oxygen of the air. It is true that other sub- 
stances burn, and evolve heat, and that combustion may take 
place in gases other than air ; but economy prevents the enqiloy- 
ment of such processes, except in one or two unimportant in- 
stances. 

The substance burned is termed “ fuel.’’ In using fuel, there 
are two objects whii h may be sought for: — (a) to obtain the 
maximum heating effect ; and (h) to produce the highest possible 
temperature. The maximum amount of heat obtainable from a 
fuel is termed its }ieating-j)ovw7\ The highest temperature which 
can be produced by burning fuel, under favourable circumstances, 
is termed i*^s calorific intensity. 

(a.) Heating -power . — Tlie theoretical heating-power of a fuel is 
approximately calculable from its elementary composition. It is 
calculable absolutely in the theoretical case of the fuel consisting 
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of a pure element, or of a mixture of pure elements and pure 
combustible compounds in known proportions ; or if the impurity 
itself is non-combustible, and of known specific heat. 

1. The fuel is pure carbon. — The thermal equation with pure 
wood charcoal is : — C -f- O 2 = CO 2 -|- 969 8 K ; whence it follows 
that 1 gram of carbon in bui*nmg to CO* evolves 8080 cal. This is 
its heating-power. 

If the carbon contain ash, the heating-power relative to that of 
pure carbon is represented by the percentage of carbon. Thus, if 
a specimen of wood charcoal or coke contain 2 per cent, of ash, its 
heating- power is 98 per cent, of 8080 = 7920 calories. 

2. The fuel is pure hydrogen. — Hydrogen burns to form 
gaseous water, and the water is seldom or never restored to the 
liquid state by condensation, for a temperature of over 100 '’ in tlie 
flue is required to keep up the draught. Hence the equation is 
H 2 -h 0 = ILoO -f 587K ; and multiplying by 100 and dividing by 
2, one gram of hydrogen gives 29,350 calories when burned. This 
is its heating-power. 

3. The fuel is carbon monoxide. — The thermal equation for 
CO, burning to CO 2 , is: — CO 0 = (JO.^ -)- 680K ; whence, 
multiplying by 100 and dividing by 28, 1 gram of carbon mon- 
oxide, in burning to dioxide, lias a heating power of 2428 calories. 

4. A mixture containing hydrogen and carbon monoxide has 
a heating-power depending on their relative proportion, and on 
their several heating-powers. Thus, a mixture containing 50 per 
cent, of each has the heating-power 

{(50 X 29,350) 4- (50 x 2428)}/100 = 15,890 calorics. 

5. The fuel is a hydrocarbon. — Suppose the hydrocarbon to be 
methane (marsh-gas), CH 4 . Its composition is C = 75 per coni.; 
H = 25 per cent. Calculated as in (4), the heating-power should 
be, were the carbon and hydrogen free, 

{(75 X 8o89) + (25 x 29,000) }/IOO = 13,400 calories. 

It actually amounts to only 12,030 calories. The difference, 
1370 calories, is absorbed in decomposing methane into its elements, 
and is lost, so far as heating-power is concerned. 

The following talile gives the heating-power of the hydro- 
carbons up to C 6 H 14 in 100 calories = K, for molecular weights : — 

CH4. C2II,. C,lh. C4H10. CJT12. C6ir,4. 

1925 3413 . 4904 6387 7889 9313 

A = 1488 1491 1483 1502 1424 

2 T 2 
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The difference is a nearl}^ regular one ; hence it is possible to 
calculate tlie beat of cornbustion of any paraffin, of which tlie 
molecular weight is known, by adding to 1925 some number 
approximating to 1480 for every group CH 2 above methane; 
multiplying by 100 , and dividing by its molecular weight. In 
this manner the heating- power of liquid fuel, which is now coming 
into use, may he calculated with fair accuracy 

6 . The fuel is coal, wood, or peat. — Onl}' roughl^^ approxi- 
mate results can be calculated from a knowledge of the percentage 
composition of the fuel, since the data are wanting foi* the heat of 
union of the carbon, hydrogen, and oxygen in the fuel. It is 
customary, but incorrect, to sup])ose that the oxygen is already 
combined with hydrogen as water, and to calculate the heat of 
combustion of the residue as if it consisted of a mixtui’e of free 
carbon and gaseous hydrogen. Hence it is found by the formula : 
Heating-power = 8 O 8 OC -f 29,t)50(H — ^O)/100. hor such com- 
plex fuels a practical essay is best. 

(h ) Calorific intetis^iiy . — The highest temperature theoretically 
obtainable from a fuel may bo calculated ; but here the values 
obtained are usually far from the truth. The calorific intensity 
depends on the heat of combusifon of the fuel, and as the heat is 
employed in raising the temper aturo of the produces of combustion, 
it also depends on their specific heat ; and as air is almost always 
used to promote combustion, a quantity of inert gas, viz , nitrogen, 
has also to be heated; nor is this all; for more air must be 
admitted than can bo wholly utilised ; hence the excess of air has 
also to be heated. We must know, therefore, in order to make an 
approximate calculation, the heating-power of the fuel; the 
amount, and the specific heat of the ])roducts oE combustion; the 
specific heat of nitrogen and that of air 

1. Suppose the fuel to be pure carbon burned in oxygen. 
The heating-power of 12 grams of carbon is 97,000 calories. It 
forms 44 grains of carbon dioxide, the specific heat of which is 
usually taken as 0’2164. Now, 12 gi'anis of carbon, in burning to 
carbon dioxide, would raise tlie temperature of 97,000 grams of 
water through 1°. It would raise the temperature of 44 grams of 
water through 97,000/44 = 2204°. But as the specific heat 
of carbon dioxide is 0 2614, it should raise the temperature of 
44 grams of CO 2 , its product of combustion, through 2204/0*2164 
= 10,184°. Now it has been shown by B. Wiedemann that the 
specific heat of carbon dioxide is not constant, being at 100 ° 
0*2169, and at 200 '' 0*2387 ; hence the assumption that it is a con- 
stant is unwarranted, and the temperature calculated above is 
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certainly too higli. Bat for another reason the result is tx)bally 
fallaciSas. Carbon dioxide dissociates long before such a tempera- 
ture is reached ; it begins to dissociate, indeed, at 1200 — 1300'’. 
It is, therefore, improbable that the temperature as as high as 
2000 ". 

2. As a farther example of the method of calculation, an 
instance is chosen where the fuel is a hydrocarbon, viz., methane, 
CHi ; it is supposed to be burnt in twice as much air as is 
necessary for complete combustion. The data are as follows : — 


16 grams of methane evolve, on burning, 
and produce carbon dioxide, „ 

and water-gas, ,, 

consuming oxygen ,, 

equivalent to air, containing nitrogen 
but also part with heat to 


192,5CX> calories. 


44 grams, 
36 „ 

64 „ 

256 „ 

320 „ 


of air. The heat evolved is, therefore, utilised in raising the tem- 
perature of a mixture of carbon dioxide, water-gas, nitrogen, and 
air. Their specitic heats are given as CO^ = 0*2164; IJ^O gas = 
0*475 ; = 0*244 ; and air = 0*238. 

The temperature is, therefore, 

192,500 

rr _ : 1 1 

(14, X 0 2164) + (36 X 0 475) + (256 x 0 244) + (320 x 0 238) * 


This is a pmbable result, as the amount of dissociation at 1167" 
can be but small ; bat it is still inaccurate, owing to the assump- 
tion that the specitic heats of carbon dioxide and water-gas are 
constant between 200 and 1200°. 


Apparatus for measuring high temperatures : pyrometers. 

— For detailed description of such lustrumcnts, a treatise on Techni- 
cal Chemistry must be consulted ; the principles involved depend 
on the following considerations : — 

1. The expansion of a gas. A cylindrical bulb of porcelain, or 
of platinum, provided with a long capillary neck, the capacity of 
which is small in comparison with that of the bulb, is heated in 
the furnace of which the temperature is to be measured. The 
escaping air is collected and measured. By this means tempera- 
tures as high as IVOO'^ have beeu measured. A similar method 
consists in confining the air or other gas at constant volume, and 
noting the rise of pressure produced by the increased tempera- 
tures. Both of these methods involve calculation, but are snbicct 
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to errors small in comparison wifcli the total temperature 
measured. ’ 

2. Water is caused to circulate through a spiral tube exposed to 
the heat. Its temperature on entering the tube is read by means 
of a thermometer, as also its temperature on leaving. Compara- 
tive measurements are thus possible, the rate of flow being main- 
tained constant. 

3. Siemens’ pyrometer consists of a platinum wire, through 
which a current is passed, exposed to the high temperature. Its 
resistance is increased by rise of temperature, and the increase is 
measured A formula having been obtained showing the ratio 
between the rise of resistance and the temperature, the latter can 
be calculated. 

4. The fusing-points of a number of salts have been determined 
with fair accuracy by Carnelley and Williams up to about 900°. 
By noting the particular salts which fuse, or which remain unfused, 
at the temperature to be measured, an estimation may be made to 
within 10—20°.* 

5. For higher temperatures, cones are sold by the Jena Glass 
Company, composed of various silicates, by means of which 
approximate estimations may be made in a similar manner. 

The first is the standai’d method, hut is sometimes inconvenient 
of application. Siemens’ pyrometer gives good results ; and a 
sixth method, depending on the communicaiion of heat from an 
iion ball heated in the furnace in a clay tube to Avater, into which 
it is dropped, also yields fairly accurate results. 

Varieties of fuel. — Coal consists of carbon, hydrogen, oxygen, 
nitrogen, and ash composed of silicates, suljihates, and phosphates 
of alumina, iron, lime, and magnesia. It usually contains 
some iron pyrites. The varieties of coal may be classified as 
follows : — 

Oxygen and 

Carbon, p c. Hydrogen, p c. ISit i ogen, p. c. 


1. Caking coal 83*0 —88*0 5 0 — 5‘2 3 0 — 5*5 

li. Splint coal 75 0—83*0 6 3—6 5 6 0—10-5 

3. Clierry, or soft coal 81 0—85*0 5 0 — 5 5 8 5 — 12'0 

4. Cannelcoal 83*0— 86'5 5*4—5 7 8*0—12 5 

5. Antliracite 90 0 — 94 0 1-5 — 4 0 3 0 — 4*8 


The first, as its name implies, “ cakes ” readily, and undergoes a 
semifrsion when heated, which causes it to become spongy. The 
second does not cake, but burns brightly. The third does not 
cake, bat is easily broken ; it, as well as the second, is much 


* For a list of such salts, see Chem. Soc.^ 33, 273-281, 
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used for hoiisehold purposes. The fourth is used for gas manu- 
facture, as it evolves mach more gas and oils when distilled than 
any of the other varieties. It is hard, and does not soil the lingers. 
“ Jet ” IS a special variety of eannel coal. 

Coke is produced by charring or distilling coal, either by heat- 
ing the coal in open lieaps, covered to prevent too free access of 
air, or by distilling coal in coke ovens. It consists almost entirely 
of carbon and ash. During its formation, gases escape, consist- 
ing mainly of compounds of enrbon and hydrogen, some of which 
may be liquefied, and of ammonia, most of which is now recovered 
by “ scrubbing ” with water, f.e., by causing the gases to pass 
through water contained in (J -shaped iron tubes. The amount of 
coke produced from different varieties of coal varies within wide 
limits. From some coals 80 per cent, of coke may be obtained, 
while others yield as little as fid per cent. Anthracite furnishes 
from 85 to 92 per cent, of coke. 

Gaspjms j'neh. — These are produced in one of two ways.^ 
Either the coal is distilled in a special form of apparatus termed a 
‘‘producer,” by the combustion of a portion; or steam is led 
through white-hot coke. If produced by the latter method, the 
product is termed “ water-gas ” The Siemens gas producer has 
been found to yield the following mixture of gases : — 

CO 2 00. N. II Uydrocarbons. 

4 — 6 21‘5— 24 GO — G4 5 2 — 9 5 1 3 — 2 6 p. c by volanie. 

Produced by the latter method, the gases have been found to 
consist of — 

CO. 11 N. CO.. 

28*6 14 G 53*0 4 0 

The nitrogen is due to the air forced into the fuel along with 
the steam. 

Liquid fuels . — These consist of natural oils, consisting mainly 
of hydrocarbons. The fuel is burnt by injection by means of com- 
pressed air against a plate, or a. bed of coke ; by percolation 
upwards through a bed of hcatcil tire bricks ; by vaporisation in a 
separate still, the products of distillation being burned; or by in- 
jection by means of supeidicated steam. The last plan is said to 
yield tlie best results. 

To ensure complete combustion of solid fuels, such as coal, a 
regular supply of combustible must be introduced into the 
furnace. The stoking is now-a-days often performed mechanically, 
sometimes by travelling fire-bars, sometimes by the introduction 
at regular intervals of time of known amounts of fuel below the 
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ignited mass, so that the gases distilled off by the heat may travel 
upwards through the incandescent upper layer, and so be com- 
pletely burned at the surface, where they mix with air. 

Uses of fuel . — The chief uses to which fuel is put is (1) in 
evaporation ; the flame and hot gases are either allowed to pass 
over the surface of the liquid to be evaporated (surface evapora- 
tion), which is contained in long tanks; or they impinge at the 
bottom of flat shallow pans filled with the solution to be evapo- 
rated. The Yaryan ” system, which is now coming largely into 
use, and which is a very economical one, consists in the use of a 
number of straight tubes passing from end to end of a shell, and 
coupled to each other at their ends by connecting tubes. The 
liquid flows through these tubes, which are kept vacuous by a 
pump and heated with steam. Three or more such sets of tubes 
are worked in concert, the vacuum being maintained at the exit 
from the last set. The steam from the first set serves to heat the 
tubes in the second, and that from the second heats the third set 
of pipes. The temperatui'e is thus kept low, for the liquid boils 
under reduced pressure ; the surface for evaporation is large and 
constantly renewed, and the heat is economised, since the steam 
derived from the first set of pipes is utilised in heating the second, 
and that from the second goes to heat the third. 

2. Distillation . — This operation is not frequently pi*actised in 
the manufacture of compounds other than those of carbon The 
apparatus is usually of the simplest description ; the lieat is 
applied by an open fire to a retort connected with a condensing 
worm, as in the manufacture of nitric acid ; by the products of 
combustion of coal, as in distilling zinc, sodium, phosphorus, &c., 
from clay retorts ; or a large Jlunsen burner is used as source of 
heat, as in the evaporation of sulphuric acid in glass vessels, which 
is in reality effected by distillation. For carbon compounds, such 
as alcohol, hydrocarbons, &c., more complicated forms of apparatus 
are used ; but the method of beating is of the simplest kind ; either 
a direct flame or a steam jacket is employed. 

3. lleverheratory furnaces . — In such furnaces the products of 
combustion come into direct contact with the substances to be 
heated. Such furnaces serve for the calcination of ores, for firing 
porcelain and bricks, and in glass making ; in the last instance, 
the glass is contained in fire-clay pots, which are exposed to the 
products of combustion of coal burned in a separate compartment. 

In other operations, the solid fuel comes into direct contact 
with the object to be heated, as in lime-burning, in lead-smelting, 
and in iron- smelting. In some cases combustion is furthered by a 
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blast of air; and if the blast be heated, a great saving in fuel is 
efPecteS, for the temperature in the furnace is higher, less heat 
being withdrawn from the furnace in heating the air. This 
process is made use of in iron-smelting ; and the Siemens 
regenerative furnace is constructed on a similar principle ; but in 
the latter case it is extended, so that the gaseous fuel employed is 
also heated. The “regenerators” are lai go chambers constructed 
of fire-clay bricks, and filled loosely with bricks. The products of 
combustion pass from the chamber in which the combustion takes 
place thi'ough these chambers, before escaping into the flues. The 
gases part with their heat to the bricks ; and, after a certain time, 
a second pair of similar chambers is brought into operation. The 
current is then reversed, by opening appropriate valves, and the 
air enters through one of the already hot cli ambers, while the 
“ producer ” gas is heated by the other. As before, the products 
of combustion pass through the second pair of chambers. When 
the first pair has grown cool, and the second pair liot, the current 
is again reversed. By this means a g^eat saving in heat is 
effected; for the heat of the escaping gases, instead of being dissi- 
pated, is to a great extent trapped by the brick chambers and 
utilised. 

Such furnaces are employed in iron-smelting, in glass making, 
and, indeed, in most chemical operations where economy of fuel is 
an object. It is also possible, in using such regenerators, to 
render the flame oxidising or reducing as reiiuired, by regulating 
the relative amounts of air and producer-gas. Idie aii and gas 
mix and burn at the spot where the high ti niperature is required. 

For certain operations where a sudden intense and uniform rise 
of temperature is required, the heat radiated from flame is made 
use of. Bel ore describing the device adopted to secure such 
flames, the subject of flame must be ifstdf (‘onsidered. 

The cause of the luminosity of flame has long been a question 
under discussion. It has been urged on the one hand, that the 
presence of solid particles rendered incandescent by a high tem- 
perature is essential to light; and the luminosity of the flame of 
a candle or of burning hydrocarbons has been ascribed to the 
presence in the flame of particles ot‘ white-hot carbon. In a candle 
flame there are three separate regions or zones ; first the Faintly 
blue interior cone, where the compound of carbon with* hydrogen, 
or of carbon with hydrogen and oxygen, is being partly distilled, 
partly decomposed into other hydrocarbons and free carbon by the 
heat radiated towards the wick by the luminous zone. ^ext 
follows the luminous zone, to which the oxygon of the air has some 
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access, but is yet not present in quantity sufficient for complete 
coiubustion ; and last, there is the indehnite hazy bluish-pin'k zone, 
surrounding the luminous zone, where the combustion is com- 
pleted. In a candle flame it has been conclusively proved that 
incandescent solid particles are present; because if the sun’s rays 
be focussed on the flame by a lens, the light emitted from the 
brilliant spot is seen to yield the absorption-bands peculiar to the 
solar spectrum when viewed through a spectroscope. Now, gases 
cannot reflect light, but only solids and liquids. It is unlikely 
that liquids are present ; but it is exceedingly probable that 
unburnt, yet white-hot, particles of carbon are present. Of 
course if a plate be held over the flame of a candle, it will be 
smoked ; this would appear to favour such a conclusion ; yet it is 
not inconceivable that the presence of a cold body, such as a plate, 
should produce that separation of carbon for which it is intended 
as a test. Such presence is, however, proved indubitably by the 
reflection of the solar spectrum. Yet it has been shown that a gas, 
such as hydrogen, burning under high pressure, gives a luminous 
flame; and the Bunsen flame, non-luminous because of the com- 
plete combustion of the gas, may bo rendered luminous if its 
temperature be raised by heating the tube through which it issues. 
The luminosity of a coal-gas flame is caused by the }>resence in it of 
solid cariion particles, produced by the incomplete combustion of 
hydrocarbons of the ethylene and acetylene series, and by the 
vapours of benzene, and naphthalene, CioHy, the vapour- 

pressures of which are sufficiently high at the ordinary tempera- 
ture to permit of their existing as gases, when mixed with such 
gases as hydrogen, methane, and carbon monoxide, which are the 
other chief constituents of coal-gas. 

By regulating the supply of producer gas and air, and by a 
special construction of fuiuiace, whereby the flame is allowed to 
pass without striking the arch of the combustion chamber, Siemens 
has succeeded in producing a luminous flame, the radiating power 
of which is very great. While non-luminous flames give up their 
heat by contact, luminous particles lose heat chiefly by radiation. 
Hence the temperature of such a flame is very intense ; it may be 
so adjusted as to be evenly distributed ; and by its means large 
sheets of cold plate glass may be heated to the softening point 
without cracking in less than two minutes. Such flames are 
capable of other applications. 



651 


CHAPTER XX XVI I L 

COMMERCIAL PREPARATION OF THE ELEMENTS. 

The preparation of many of those elements which arc of commer- 
cial importance has already been indicated ; the reactions by which 
some ai"e obtained are, however, somewhat complicated, and their 
manufacture is best described here. 

1. Sodium. — The process which has now superseded all others 
is that of Castner.* It consists m Imating to bright-redness a 
mixture of iron, carbon, and caustic soda. Its advantages over 
the older method, in which a mixture of lime, sodium carbonate, 
and coke was heated, is that the carbon, being weighted by the 
iron, sinks, and is thus brought in contact with the fused caustic 
soda ; whereas, by the older process, contact between the reacting 
materials was by no means so perfect. The iron in a spongy, 
finely-divided state, reduced from its oxide without fusion by 
caibon monoxide or hydrogen, is impri'gnated with tar and heated 
to redness. The hydrocarbon is d(‘(;oiii})osed, and a mixture of 
70 per cent, of iron with 30 per cent, of carbon is left. This mix- 
ture is ground and mixed with such a quantity of caustic soda as 
to correspond with the equation 

6NaOH -f 2(Ee,C,) = 6Xa + ‘^Fe + 2CO -h 2CO> + 

this corresponds to 22 lbs. of carbon to every 100 lbs. of caustic 
soda. The mixture is ])laccd in large east-iron crucibles, each of 
which stands on a circular platform, which, when raised, is flush 
with the hearth of the furnace, but which can be lowered by aid of 
hydraulic power, the platform and crucible then sinking into a 
chamber below the furnace. '^J’he crucibles, when raised, fit a 
retort-head, also of iron, an asbestos collar being interposed to 
secure better junction. The heat is derived from a Siemens gas 
furnace. When the crucibles reach 1000^" 0., sodium distils freely, 
and passes through the tube projecting from the crucible cover, 
whence it falls into heavy oil. As soon as an operation is finished, 


* Chem. News, 64 , 218 . 
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the crucible is lowered, seized with travelling tongs, emptied, re- 
filled, and before its temperature has had time to fall, repTaced in 
position. The residue consists of a little sodium carbonate and 
the iron of the so-called “ carbide.” It is treated with warm 
water, and the soluble carbonate is afterwards causticised with 
lime ; while the iron is dried, mixed with tar, and re-coked, to 
serve for another operation. A crucible is charged every two 
hours, which is the length of time occupied by a distillation. 

2. Magnesium. — The process is sulficiently described on p. 35. 
The equation is KCl.MgCL -j- 2Na = KCl -f 2NaCl -f Mg. 

3. Zinc. — The ore, consisting of a mixture of blende {black- 
jack)^ ZnS, calamine, ZnC 03 , calamine- stone, ZnSiOj H 2 O, and 
gahnite, ZnO.AlaOa, is roasted on a flat hearth at a dull red heat, 
to expel sulphur as sulphur dioxide, and also water ; the resulting 
oxide and silicate of zinc is then mixed with coke and distilled 
from tubular retorts of tire-clay, and condensed in tubes of sheet- 
iron, secured to the mouths of the retorts by tire-clay ; or it is dis- 
tilled downwards, as with magnesium (see p. 34, Fig. 4). The 
reaction is : — ZnO H- C = CO -f Zn. 

4. Aluminium. — There are thi'cc processes in operation for the 
commercial preparation of aluminium — {a.) Reduction of the chlor- 
ide by means of sodium. 3'he double chloride of aluminium and 
sodium, prepared by passing chlorine over a bright red-hot mixture 
of clay, finely ground charcoal, lamp-black, oil, and salt, is volatile, 
and sublimes in crystals. It always contains a little chloride of 
iron, which even in small quantity impairs the quality of the 
aluminium obtained. The iron is removed by fusing the double 
chloride, and introducing a little metallic aluminium, which dis- 
places metallic iron from its chloride. The metallic iron sinks, 
leaving perfectly white double chloride, which is much less deli- 
quescent than the impure substance. This double chloride, of the 
formula bNaCl.AlCla, is mixed with finely cut sodium, in a wooden 
agitator, and placed on the hearth of a Siemens’ regenerative 
furnace ; a brisk action takes place at once, and the aluminium is 
run oft* into moulds. The residue is treated with water to recover 
the salt, together with any undecomposed chloride, from which the 
alumina is recovered by precipitation as hydrate. 

(5.) Reduction of cryolite {sodium alurainiumfluoride,3N’aF.AlF3j 
by means of sodium. — The furnace is a flat chamber, in the upper 
surface of which there are holes, through which crucibles contain- 
ing melted cryolite and salt may be reached. An iron rod, with a 
hollow cylinder at one end, is made use of for the purpose of con- 
veying the sodium into the melted mass. The hollow Cj Under is 
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fillod with sodium, aud plunged by a workman into the cruoihle ; 
at the high temperature of the fused cryolite, the sodium gasifies, 
and its vapour passing upwards through the molten cryolite, 
deprives it of its fluorine, metallic aluminium being pi'oduced. 
The metal sinks to the bottom of the crucible, aud after a sufficient 
quantity has been reduced, it is poured out of the crucible into 
moulds. 

(c.) By means of the electric furnace. — This process is not suc- 
cessful in producing metallic aluminium, for it remains mostly 
disseminated through the carbon ; but it is well adapted for the 
manufacture of alloys. The furnace consists of an oblong fireclay 
box, into which project at each end thick roils of gas-carbon, con- 
nected by means of copper cables with a powerful dynamo-electric 
machine. The furnace is charged with a mixture of corandam, 
(AI 2 O 3 ), metallic copper, and tine particles of charcoal coated with 
lime to render it non-conducting. On passing the current, an 
enormously high temperature is produced; the carbon poles, which 
at first are almost in contact, are gradually drawn apart, and the 
electric arc leaps between them. The alumina is deprived by the 
carbon of its oxygen, and the copper boils ; the separated aluminium 
is washed down by the liquid copper and the aluminium bronze, 
as the alloy is termed, which contains over 15 per cent, of alumi- 
nium, collects on the bottom of the furnace, and is removed by 
tapping a hole. That the process is a time reduction, and not 
dependent on the electrolysis of alumina, is proved hy the fact that 
an alternating current may be employed; and such a current is 
incapable of electrolysing a compound. 

Magnesium and aluminium are obtained by the use of sodium. 
The remainder of the metals industrially prepared are reduced by 
aid of carbon. 

5. Iron. — A list of the ores of iron is given on pp. 244, 248, 251, 
and 288. Tlie ores are roasted to remove water, carbon dioxide, and 
(carbonaceous niaiter ; to render them more dense ; and to oxidise 
any ferrous iron (as in spathic ore, black hand, and cluy-hand) into 
ferric oxide. The roasted ore is then stamped or crushed into frag- 
ments as large as a list. It is then introduced into a blast furnace 
along with alternate laycr.sof coal and limestone. The bla^it furnace, 
which is often 80 feet 111 height, consists of an outer wall of brick, 
an inner space, hited with loose scorim, or refractory sand, to allow 
for expansion ; and an inner wall of firebrick. The upper portion of 
the furnace is termed the “ shaft the cup-shaped part of the fur- 
nace is named the “ boshes,” and the lower cylindrical partis named 
the “ throat,” or “ tunnel-hole,” terminating in the “ crucible,” or 



654 


METALLUKGY OF IRON. 


“ hearth.” The combustion of the fuel is furthered by a blast of 
hot air (at 200 — 400^" C.) through the “ tuyeres,” or “ twyers,” 
forced in under a pressure of 3 or 4, or even 10, lbs. per square 
inch. It is usual now, instead of allowing the furnace gases to 
escape, to cause a conical co\/er, which can be depressed into the 
mouth of the furnace, to force the products of combustion through 
“ scrubbers,” or iron absorbing vessels, containing water, whereby 
potassium cyanide and other products are condensed. Although 
pure iron has a very high fusing-point, iron containing 3 to 4 per 
cent, of carbon melts at about 1100°, and hence it is possible to 
smelt it in such a furnace. 

The reactions occurring are very complicated. The coal burns 
to carbon monoxide and dioxide; it also contains nitrogen and 
salts of potassium, and yields potassium cyanide, which has a 
reducing action ; the reduced iron acts on the oxides of carbon, 
reproducing carbon, and re-forming oxides of iron. The following 
equations express the changes which occur : — 


1 FeAi + CO = 2FeO + CO^. 

2 . FeO + CO = Fe + CO2. 

3. Fe + CO2 = FeO + CO. 

4. 2 FeO + CO2 - FeP., + CO. 

6. 2FeO + CO = FeAj + C. 

6. Fe + CO = FeO + C. 


7. 2CO = C + CO2. 

8. FeaOa + C = 2FeO + CO. 

1). 2Fe20j + C = 4FeO + COg. 

10. FoO + C = Fe + CO. 

11. C + CO2 = 2CO. 


Many of these equations, it will be noticed, are the converse of 
others; the reactions take place in an inverse sense in different 
parts of the furnace. Besides these changes, others take place in 
which potassium cyanide plays a part : — 

12. 2KCN + 3FeO = K2O + 2CO + N2 + 3Fo. 

13. 2CO = C + CO2; and 11 KoO + COg = K2CO3. 

The carbonate is carried down and reconverted into cyanide in 
the throat of the furnace. The actual reduction takes place near 
the tuyeres ; only one half or one quarter of the carbon monoxide 
is utilised ; carbon deposits, however, in the middle of the furnace, 
about 25 feet above the hearth 

When a sufficient amount of iron has collected in the 
crucible, a workman makes a hole in the clay plug which confines 
the iron, and allows it to flow into wide channels termed ‘‘sows,” 
whence it diverges into narrower moulds, named “pigs;” hence 
the name “ pig iron.” The slag which is formed by the combina- 
tion of the silica existing as an impurity in the ore with the lime, 
and with some of the iron oxide, is lighter than iron, and floats on 
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its surface. It fuses, and runs ofP after the iron has flowed away. 
This slag is sometimes made use ofF for coarse glass. 

There are two main varieties of pig iron, grey and white; and 
there are intermediate varieties known as “mottled.’’ These all 
contain carbon, often as much as 6 per cent. ; but while the carbon 
in the white pig is in combination with the iron forming a carbide, 
of which the formula, however, has not been determined, that in 
the grey pig is partly present in the free state as graphite. On 
treatment with acids, the combined carbon e.scapes in combination 
with hydrogen, chiefly in the form of hydrocarbons of the ethylene 
series ; while the free carbon remains unaffected by acids. But 
both varieties are left if the iron is treated with a solution of 
copper sulphate, which dissolves the iron as sulpliate, leaving 
copper in its place. The specific gravity of the white iron is the 
higher, varying between 7*58 and 7 68 ; that of grey pig has a 
specific gravity of about 7. The production of one or other variety 
depends on the temperature of the furnace. The white cast iron 
is produced at the lower temperature, while the grey pig is formed 
as the temperature rises. If the grey pig be melted and suddenly 
cooled, it solidifies as white pig, the carbon being retained; but if 
heated strongly and cooled slowly, the carbon has time to separate. 
For castings, a mixed pig is best, being more fluid, and, when it 
solidifies, closer-grained The iron is remelted in a cupola, a 
cylindrical furnace about 9 or 12 feet high, cased in iron-plate, and 
the iron is run into moulds made of a mixture of sand and pow- 
dered charcoal with a little clay, or of loain, or of iron. If iron 
moulds are used, the casting is rapidly cooled on the exterior, and 
is said to be case-hardened. 

The operation of removing carbon and other impurities from 
the iron is termed “ refining ” This is accomplished either by 
heating the iron on a hearth, a blast of air being directed on to the 
melted iron. The carbon is oxidised to carbon monoxide ; the 
silicon in the oxide iron is converted into silica, which combines 
with ferrous oxide resulting from the oxidation of the iron to 
form ferrous silicate ; this forms a slag and protects the iron. 
This slag is subsequently mixed with forge-scales (oxides of iron), 
and made use of in refining a further charge of crude irun ; the 
oxygen of the iron oxides unites with the carbon of the crude iron 
forming carbon monoxide, which escapes, while malleable iron is 
left. The “bloom” of iron, a S])OMgy semifused mass, is placed 
under a steam hammer, and the enclosed slag removed by repeated 
blows. Another plan of refining, which has much similarity with 
the one described, is termed “puddling.” The flame of a rever- 
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beratory furnace plays on tbe white cast iron, placed on a hearth 
of slag containing iron-scales ; when the iron has melterd it is 
spread over the hearth by means of a rake, and continually stirred 
about; tliis is tbe operation termed “puddling.” Flames of 
burning carbon monoxide appear on the surface of the iron, due 
to the action of the oxide of iron in the slag on the carbon of the 
crude iron; the mass becomes pasty, and is finally scraped 
together into lumps (blooms) ; these are placed under the steam- 
hammer, and forged into bars. 

The Bessejner procesis — The third plan of producing soft iron 
(wrought iron) is by the Bessemer process. This consists in 
running the molten cast iron from the blast-furnace into pear- 
shaped vessels of iron-plate, termed converters ; the lining of such 
converters used to be of “ganister,” a variety of very siliceous 
clay ; but of late years the magnesia bricks introduced by Messrs. 
Thomas and Gilchrist (“ basic lining ”) have supplanted ganister. 
Fire-clay tubes lead to the bottom of the converter, through which 
a blast of air can be forced into the molten iron. When the 
lining is of ganister (he phosphorus and sulphur are not wholly 
removed, for (he free oxides are reduced by molten iron, pro- 
ducing phosphide and sulphide of iron. But with a magnesia 
lining, lime nuiy be thrown on to the surface of the molten iron; 
it combines with the oxides of phosphorus and sulphur, forming 
phosphate and sulphate of calcium, which then escape reduction. 
With a siliceous lining, it is impos.sible to make use of lime, for 
an easily fusible slag is at once produced, and the lining of the 
furnace is destroyed, owing to the formation of an easily fusible 
silicate of calcium and iron. 

Flames issue from the mouth of the converter ; the carbon, 
silicon, sulphur, phosphorus, and manganese burn to oxides ; and 
when the flames cease, the iron, approximately pure, may be run 
out into moulds. Such iron is the purest form of commercial iron. 

Steel . — The difference between steel, wrought iron, and cast 
iron consists in the amount of carbon which they contain. To 
convert wrought iron into steel, it is neces.sary to add carbon. 
This is done in the Bessemer converter by throwing into the 
fused wrought iron a known quantity of a variety of iron contain- 
ing a known amount of manganese and carbon, named spiegel- 
iron (i.e , mirror-iron), owing to the bright crystalline facets 
which it shows when broken. The spiegel-iron mixes with the 
decarbonized iron, and the mixture is completed by turning on the 
blast for a few seconds. The converter is then tilted, and the 
steel is poured out into moulds. 
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It is also possible to prepare steel by adding wrought bar iron 
nearly free from carbon, to pig-iron kept melted in the heai'th of 
a Siemens furnace. This is the principle of Martin’s process. 
Steel produced by the Bessemer or by the Martin process is use- 
ful for rails, ship plates, and ordnance. 

For cutting instruments steel is chiefly made by the 
lation-process.'' The best qualities of bar iron are employed. 
They are placed in fire-clay boxes, and packed in charcoal ; the 
boxes are then kept at a red heat for six or seven days. A sample 
bar is withdrawn from time to time and tested ; when a sufficient 
amount of carbon has been absorbed, the boxes are allowed to 
cool, and when cold the bars are removed and forged under a st(‘am 
hammer It has long been a matter of speculation as to the 
manner in which the iron absorbs the carbon. In view of the 
rc'cent discovery of the compouml of nickel with carbon monoxide, 
Ni(CO) 4 , a compound which is decomposed into nickel, carbon, and 
a mixture of carbon monoxide and dioxide at a low temperature, it 
may be conjectured that iron also possesses some tendency to form 
a similar compound, which, however, is too dissociable to be 
isolated, but which is formed and decomposed during the process 
of the conversion of bar iron into steel, and which serves to convey 
carbon into the interior of the iron. 

The steel, thus made, is refined by rolling or hammering out 
the bars, placing a number of the rods together, and welding them 
into a compact whole. Such steel goes by the name of shear steely 
owing to its irnployment for cutting instruments. 

Cast steel is made by fusing such bars in crucibles made of a. 
mixture of graphite and fire-clay, and then casting the steel in 
moulds. 

It is also possible to convert the surface of objects made of 
soft iron into steel, by heating them to redness and then sprinkling 
them with powdered ferrocyanide of potassium. This process is 
termed surface-hardening. 

Steel has a fine granular fracture, and does not exhibit tho 
coarse crystalline structure of cast iron, nor the fibrous appearance 
of wroughtdron. It contains amounts of carbon varying from 0'6 to 
1 '9 per cent., according to the use for which ii is intended ; the hard- 
ness, toughness, and tenacity increase with the amount of carbon. 

Tempering, hardening, and annealing of steel. — The result of 
rapidly cooling strongly heated steel is to harden it ; by raising 
it to a much lower temperature, and cooling it quickly, it is 
tempered ; and it is annealed by heating it to a temporatuye highei 
than that required to temper it, and cooling it slowly. 

2 u 
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It appears that there is some evidence of the existence in steel 
and white cast iron of a carbide of the formula Fe 2 C ; and also 
that at a temperature of 850° a change takes place in metallic 
iron, whereby it is changed into an allotropic modification. The 
specific heat of iron undergoes at that temperature a sudden 
change ; and it also alters its electromotive force at that tempera- 
ture ; and these changes imply some change in molecular aggrega- 
tion or structure. And it is suggested by Osmond, who has 
investigated this change, that the molecular arrangement or aggre- 
gation which exists at a high temperature may remain permanent 
if the iron contain carbon, and if it be rapidly cooled. 

This capacity of retaining the molecular structure, which it 
possesses at temperatures above 850°, is much influenced by the 
presence of foreign ingredients. If manganese be j)resent to the 
amount of 7 per cent., no sudden change of specific heat, &c., 
occurs ; and if present in smaller proportions, it exerts a like 
influence, though to a less degree. Tungsten has an even greater 
effect. The effect of suddenly cooling steel containing these 
elements is to harden it. 

In annealing, the carbide of iron becomes diffused through the 
iron in small crystals, and the iron itself develops a finely granu- 
lar crystalline structure. It thereby becomes tougher, and at the 
same time softer. 

The hardness of steel varies also with the temperature to which 
it is heated before being cooled, as well as on the suddenness of 
the cooling. If cooled rapidly from a high temperature, it is 
harder th«an glass, and brittle; if cooled from a comparatively low 
temperature, it is elastic ; and at intermediate temperatures, it 
displays hardness and elasticity in various degrees. 

6. Nickel. — The chief ore of nickel is the double silicate of 
nickel and magnesium, named garnierite, which contains from 8 to 
10 per cent, of the metal, and is exported in large quantity to 
France from New Caledonia. Almost all the nickel in the market 
is now produced from this ore, and the process of extraction is a 
metallurgical one. 

The finely ground ore is mixed with about half its weight of 
alkali-waste (calcium sulphide) or of gypsum, and about 5 per cent, of 
ground coal, moistened, and made into bricks. These are then smelted 
in a reverberatory furnace, or in a small cupola, the reduction of iron 
being as much as possible prevented. A ‘‘ matt ” is obtained, con- 
taining about 60 — 70 per cent, of nickel and 12 per cent, of iron, 
together with sulphur and graphite. As iron has a greater affinity 
for oxygen thar nickel, while nickel combines more readily with 
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siilpliur ilian iron does, tlie iron in the ground regnlus, whicli is 
roasted •at a dull red heat, is converted into oxide. To convert 
this oxide into silicate or iron slag, the roasted mass is then 
thoroughly mixed w^ith fine sand, and fused in a small reverbera- 
tory furnace. The sulphide of nickel forms a fused layer under 
the molten slag. The process is repeated, sometimes as often as 
five times, to remove iron as tlioroughly as possible. The slags all 
contain nickel; they are ground and re-smelted with sand and 
gypsum, when they yield a regnlus poor in nickel and a slag prac*-- 
tically free from that metal. The poor regnlus is then crushed, 
mixed with gypsum and sand, and again fused. The calcium 
sulphate is attacked by the silica, giving oxygen, which oxidises 
the iron in the regnlus, and the resulting oxide forms an easily 
fusible slag with the lime and silica. 

The sulphide of nickel, freed as described from iron, is crushed 
and exposed to a dull-red heat on the hearth of a reverberatory 
furnace. This oxidises both the sulphur and the nickel; a b'ttle 
nitre is sometimes added towards the end of the operation. The 
resulting oxide is finally reduced by making it into cakes with 
powdered wood charcoal, and heating it in crucibles to a bright-red 
heat. 

7. Tin.— The only available ore is tln-stono^ Sn02. The ore is 
purified by “ dressing” and washing, in which it is to some extent 
freed from gangue. It is then roasted in rev('rberatory furnaces to 
expel arsenic and sulphur, present as arsenical pyrites ; it is again 
washed to remove coppei sulphate and, after drying, it is mixed 
wdth slag from former operations and with anthracite coal, and 
smelted; occasionally fluor-spar is added to flux the silica still 
present; the tin collects in a compartment analogous to the 
crucible of a blast furnace, from which it overflows into a second 
receptacle. To free it from iron and arsenic, its usual impurities, 
it is “liquated,” i e., heated to its fusing point on a sloping bed ; 
the pure tin melts and runs down, leaving a less fusible allo^' 
with iron and arsenic behind. It then undergoes a process known 
as “ boiling ” : it is stirred with a log of wet wood, and the steam 
rising to the surface carries with it impurities. The metal thus 
prepared is known as refined tin, and is very nearly pure. 

For a sketch of the methods of tinning iron and copper, see 
pp. 583 and 586. 

8. Lead. — The chief source of lead is galena^ PbS. There are 
two chief systems of extraction; the first, by use of the “Scotch 
hearth,” consisting in effecting the reactions between lead oxide, 
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sulphate, and sulphide (see pp. 296 and 429) at as low a tempera- 
ture as possible, while in certain recent processes the temperatun* 
is raised by means of a blast. 

The hearth of the furnace used in the first method is enn- 
structed of slag, and slopes towards one side. The powdered galena 
is spread on the hearth and heated by a charge of coal. Lime is 
raked in small quantity into the ore to separate silica, with which 
it combines. The galena is partly oxidised to oxide and to sul- 
phate, sulphur dioxide escaping along with fumes of lead sulphate 
and oxide. To condense and trap such fumes is very difficult, and 
long flues are often employed, debouching here and there into 
chambers, and provided with bafflers, i.e., wooden spars kept wet 
by an intermittent flow of water. In spite of all pi-ecautions, much 
fume escapes. 

When the lead sulphide is partially oxidised, the temperature 
is raised and the reactions occur : — 

PbS + 2PbO = 3Pb + SO,; and PbS + PbS04 = 2Pb + 2SO,. 

The lead runs off, and is cast into pigs. 

If the second method be employed, the ore is spread on a 
hearth with coal and lime, and exposed to a high temperature by 
means of a hot blast. The reactions already mentioned occur, but 
much fume escapes ; it is drawn off through a hood above the 
furnace by means of a fan, through wide iron tubes, in which it 
is cooled. After passing the fan, it is forced into woollen bags 
stretched fi*om top to bottom of large chambers. The solid mattei* 
is trapped in the flannel, while the gaseous products of combustion 
escape through the pores. The fume is shaken out of the bags 
and again heated with coke, a blast being again employed. A 
further yield of metallic lead is obtained, and the fume, which is 
quite white, finds some market as a paint. 

Lead usually contains silver, and sometimes a trace of gold. 
The silver is extracted by Pattinson’s process, or by Parkes’s 
process (see p. 579, 587, and 663), 

9. Antimony. — The sulphide, 86,83, or antimo^iy ore, is the 
principal ore. It is easily fused, and is liquated from the gangue 
with which it is associated by heating it in a hearth provided with 
an opening below, through which the fused sulphide is run off. 
The metal is obtained from the sulphide by roasting it in a rever- 
beratory furnace until it is converted into the oxide, 86,04. This 
oxide, still mixed with some sulphide, is transferred. to crucibles, 
mixed with a little crude tartar or argol (hydrogen potassium tar- 
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irate, HKC4H4O6), or with charc-oal and sodium carbonate, and 
heated. Reduction to metal takes place, partly owing to the 
mutual action of oxide on sulphide, and partly to the reduction of 
the oxide by the carbon. 

It is also possible to prepare antimony directly from the 
sulphide by heating it with scrap iron and a little sodium carbon- 
ate or sulphate to promote fusion. The antimony settles to the 
bottom of the crucible. 

To purify antimony from arsenic, it is fused under a layer of 
potassium nitrate. A considerable loss of antimony occurs. 

10. Bismuth. — Bismuth is generally fouiul native, and is freed 
from gangue by liquation. When obtained as a bye-product froiti 
(cobalt and other ores, it is precipitated as bismuthyl chloride, and 
reduced by fusion with charcoal and sodium carbonate. 

11 Copper, — The extraction of copper from its ores varies 
according to the nature of the ore If it is an oxide, simple 
reduction with coal is sufficient; but as the ore almost always 
contains sulphide, other processes have to be employed. The 
sulphide may be treated in the “ dry way,” Le , in a furnace, or 
in the “wet way,” ^.e., by pi*eeipitation on iiou 

1. The ores are calcined in order to volatilise a portion of tin* 
arsenic, antimony, and sulphur ; some sulphate of copper is thereby 
formed. The calcined ore is tlien heated with a flux in a reverbera- 
tory furnace. The effect of this is to reduce any oxide present to 
metallic copper; to reduce sulphate to oxide, which reacts with 
sulphides of copper and iron, giving metallic copper, oxide of iron, 
and sulphur dioxide, in the same manner as the similar compounds 
of lead react ; and to separate some of the iron as a silicate in 
combination with the constituents of the flux. But metallic 
copper is miscible with copper sulphide, and the resulting regulus 
is re-smelted in a similar manner. The product consist of metallic 
copper mixed with cuprous oxide, CuoO. To finally convert the 
remaining oxide into metallic copper, the “ rose-copper ” is rapidly 
melted under a layer of charcoal, and stirred with a birch- wood 
pole. It is then cast into cakes. 

2 . The “ wet ” method of extracting copper from its- sulphide 
consists in allowing the ore to lie in heaps exposed to the air and 
rain. The sulphide is oxidised to sulphate, which dissolves, and 
its solution runs into ponds or tanks. Scrap iron is then added, 
and the copper precipitates as a mud on the surface of the iron, 
mixed with basic ferric sulphate. The copper, being specifically 
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heavier, is freed from the basic sulphate bj washing, and is then 
smelted. 

Large quantities of iron pyrites, containing about 4 per cent, 
of metallic copper, are now imported into this country. It isi 
delivered, first to the sulphuric acid manufacturer, where the 
sulphur is burned in “ pyrites-kilns.” The ore,^ then consisting of 
ferric oxide and oxide and sulphide of copper, is then transferred 
to the copper works. It is roasted, at a low red heat, with salt ; 
the copper is thus converted, first into sulphate, and then, by 
means of the salt, into chloride, and on treatment with water it 
passes into solution. The residue of iron oxide, after drying, is 
passed on to the iron-smelters. As such ores usually contain 
some silver, it, too, is converted into chloride, and as silver 
chloride forms a soluble double chloride with sodium chloride, it is 
dissolved along with the copper chloride. The silver is removed 
by careful addition of solution of potassium iodide, which con- 
verts it into the insoluble iodide, which is allowed to settle, and 
removed. The solution of cupric chloride is treated, as already 
described, with sciup iron, and« the copper precipitated in the 
metallic state. It is separated, mechanically, from the pi'ecipitated 
basic sulphate of iron, and is then smelted. 

12. Silver. — Silver occurs chiefly as sulphide and as thio-anti- 
monate. If the ores are rich, they are ground to a very fine 
powder, moistened with salt water, and treated with roasted ii'on 
and copper pyrites, i.e,, with a mixture of ferrous and cupric sul- 
phate and sulphide, and with mercury. The sulphates are con- 
verted partly into chlorides, the silver also becoming changed into 
chloride, and dissolving in the excess of salt as double chloride of 
silver and sodium. The silver chloride reacts with the mercury, 
forming calomel, HgCl, and an amalgam of silver, which is pressed 
in canvas bags. As silver amalgam is solid, and only sparingly 
soluble in mercury, it remains behind for the most part ; it is then 
distilled, and the recovered mercury is used in a subsequent 
operation. This process is very wasteful, inasmuch as mercury 
equivalent to the silver is lost as calomel. 

By another process, the sulphides are reduced to powder and 
roasted ; the sulphides are converted into sulphates. As silver 
sulphate withstands a higher temperature than the other sulphates, 
it remains unchanged, while the other sulphates are decomposed. 
On treatment with a solution of salt, the silver passes into solution 
as double chloride, and is precipitated on metallic copper. It is 
also possible to omit treatment with salt, and to dissolve the silver 
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sulphate and precipitate silver from the solution by metallic 
copper.* 

The ores are also sometimes treated with melted lead, which 
decomposes the sulphide, forming lead sulphide and metallic silver, 
which dissolves in the excess of lead, and is extracted therefrom 
by cupellation. 

If silver is contained in metallic lead, it is separated by frac- 
tional crystallisation, a process invented in 1833 by Mr. H. L. 
Pattiuson; this method depends on the fact that when a dilute 
solution is cooled, the pure solvent crystallises out at a tem- 
perature below the usual freezing-point, while the remaining 
solution has a lower freezing-point, and remains liquid. By a 
series of fractional crystallisations, the lead is divided into two 
portions, one pure and free from silver, and a quantity of lead 
very rich in silver is obtained, which is then cupelled. 

Another process, due to Mr. Parkes, is to add to the molten 
lead about one-twentieth of its w^eight of zinc, and to mix the two, 
as well as possible, by stirring. The zinc dissolves the silver, and 
as zinc and lead do not appreciably mix to form an alloy, the zinc 
floats to the surface, bringing the silver with it. The zinc solidifies 
at a higher temperature than the lead, and the solid cake is 
removed. The zinc is separated from the silver by distillation 
from an iron crucible, similar to that employed in producing 
sodium, which may be raised to fit its lid ; the condensing- tube 
issues from the lid. The silver is left, along with a little lead, 
which is dissolved by the zinc. 

To refine the silver, it is cupelled. The lead containing silver 
is fused in a good draught on a hearth of bone-ash, pressed tightly 
into an iron grating of an oval shape, depressed in the middle. 
The lead and other metals oxidise ; the oxides soak into the porous 
bone-ash, and at a ceitain point the dull appearance of the metal 
changes; a brilliant display of iridescent colours appears on its 
surface, due to diffraction colours, caused by a thin film of lead 
oxide ; and suddenly the brilliant metallic lustre of the pure 
molten silver is seen. The metal is cooled by water, and removed. 
The resulting litharge is reconverted into lead. 

13. Gold. — Gold usually occurs native. It may be associated 
with quartz, in which case its extraction is, for the most part, 
mechanical ; or with sulphides and tellurides of zinc, bismuth, 
lead, and other metals, from which it must be separated chemically. 

1. If associated with quartz, the rock is stamped to powder, 
and washed, by allowing a stream of water to carry away the 
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ganguc But the smaller particles of gold are apt to be carried 
away ; hence the washings are generally caused to traverse an 
amalgamated copper runnel, small bridges being placed at intervals 
across the channel, to act as traps. Much of the gold sticks to the 
mercury ; and it is found of advantage to add a small percentage 
of sodium to the mercury, the effect of which is to keep its surface 
clean. 

The mercury is scraped from the copper runnel with india- 
rubber scrapers, and squeezed through leather ; the solid amalgam 
is distilled when a sufficient quantity has been collected. 

2. Many processes have been proposed for the extraction of 
gold from ores containing sulphides. The ores are, in every case, 
roasted to oxidise the sulphides ; they may then be treated with 
chlorine water, or with a solution of bleaching-powder, best under 
pressuie, wliicli dissolves the gold as chloride; the oxides are not 
thereby attacked. The gold is precipitated from its solution by 
boiling it with a solution of ferrous sulphate or oxalic acid. 

A recent process for extracting gold or silvt‘r from very poor 
ores consisted in treating the crushed ore with a 5 per cent, solu- 
tion of potassium cyanide. The gold and silver dissolve with 
evolution of liydrogen, while the sulphides, &c., are unattacked. 
To separate the noble metals from the cyanide solution, which 
contains them as double cyanides (see p. 571), the liquid is 
filtered through zinc turnings. The metals deposit in a him on 
the surface of the zinc, and are easily removed by washing The 
cyanide is available for a second extraction. 

14 Mercury. — The only a\ailable ore of mere ary is cinnabar, 
HgS. 

Two methods of extraction are practised. The first consists 
of calcining the ore in a shaft-fumace, and condensing the mer- 
curial vapours in vessels of boiler-plate, or in bi*ick cliambers ; cr 
in the old form of condensers, named “aludels,” which consist of 
earthenware bottles open at both ends, and htted together like 
drain pipes. The second method is to distil the ore with lime, oi- 
with forge-scales. 

The first method depends on the equation : — 

HgS -h 0^ = Hg -h SO,. 

The second involves the formation of calcium sulphide and 
thiosulphate, from the action of the lime on the sulphur (see 
p 444), or of iron sulphide, while the mercury distils off, and is 
condensed by passing the vapour through water. 
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Mercury is sold in iron bottles containing about 80 lbs. 

15. Phosphorus. — The present process for tlie commercial pre- 
paration of phosphorus is to prepare phosphoric acid from apatiir, 
^phosphorite^ or bone-ash^ all of which mainly consist of calcium 
orthophosphate. This is carried out by addiug “ chamber- acid ” 
(f.c., aqueous sulphuric acid, as it comes from the chambers) to 
the ground mineral, in such proportion as to correspond to tlie 
equation : — 

Ca,(POi)o + 3H,S04 = 3CaS04 + 2H3PO4. 

The solution of phosphoric acid is decanted from the precipitated 
calcium sulpliate ; the precipitate is washed; and the solution of 
orthophosphoric acid is evaporated. During evaporation, cok(', or 
charcoal, in coarse powder, is added, and the mixture is dried and 
heated to dull redness. Tlie product is a mixture of carbon with 
metaphosphoiic acid, the insoluble variety (probably mono-meta- 
phosphoric acid) being produced. Cylinders of Stourbridge clay 
are charged with the mixture; they are placed in tiers in a 
furnace, preferably heated by regenerator gases. To the rnontlis 
of the cylinders are attached copper tubes through which the 
phosphorus gas, carbonic oxide, and hydrogen issue. These tubes 
dip below the surface of warm water in pots provided with lids 
The temperature is raised to bright redness, and the phosphorus 
distils over. The equation representing tin* change is : - 

4HPO3 + 12c = 21I2 + 6CO -f r4 

The phosphorus is then in greyish-coloured lumps ; to purify it, 
it is usually redistilled; it is subsequently melted, and moulded 
into sticks by causing it to flow into horizontal tubes, cooled by 
cold water. 

It is possible to prepare phosphorus by distilling calcium ortho- 
phosphate with charcoal or coke, but the temperature requii'od 
is a very high one, and it appears to be impossible to construct 
retorts of a sufliciently infusible material. Even the so-called 
“graphite ” crucibles liquefy at the necessary temperature Tt is 
generally stated that the calcium orthophosphate is converted into 
dihydrogen calcium orthophosphate, Ca(H.3P04)2, and that a solu- 
tion of this substance is evaporated in contact with carbon, pro- 
ducing calcium metaphosphate ; and that, on distilling the meta- 
phosphate with carbon, orthophosphate remains in the retort, 
while phosphorus distils. Such a process is certainly possible, 
but it is not practised, owing to the exceedingly high temperature 
required, and the destructive action on the retorts. 
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A process has recently been patented whereby phosphorus is 
produced directly from apatite, or from any substance containing 
calcium orthophosphate, by distilling it with carbon. To produce 
the enormously high temperature required, an electric furnace, 
somewhat similar to that employed in the manufacture of alu- 
minium alloys by the Cowles process, is made use of. The floor of 
the furnace consists of a bed of cast iron, which serves as one of 
the electrodes ; the other electrodes, as in the Cowles’ furnace, 
consist of rods of gas-carbon. The cast iron becomes charged 
up to 8 or 9 per cent, with phosphorus, forming a phosphide ; but 
its conductivity is not thereby impaired. The phosphorus distils 
over, and is condensed and puritied as usual. This ingenious 
method has not as yet been carried out on a scale sufliciently large 
to render its success certain, but it is at present in oj^eration. 

The preparation of chlorine, bromine, iodine, and sulphur is 
intimately connected with that of various compounds ; hence a 
description of the methods employed is reserved to the next 
chapter. 
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CHAPTER XXXIX. 

PllOCESSES OF MANUFACTURE. 

1. Utilisation of sulphur occurring as sulphur dioxide 
in furnace gases, <fcc. — If more than 4 per cent, by volume of the 
furnace gas consists of sulphur dioxide, it is most profitable to 
pass it into sulphuric acid chambers. But below that amount the 
operation is unprofitable. Hence various expedieuts have been 
suggested for absorbing the dioxide by some substance which will 
permit of its recovery in the form of sulphur, or as dioxide free 
from admixed gases. As sulphur dioxide is produced in large 
amount by the calcination of sulphides, which is the usual pre- 
liminary to the extraction of metals from their ores, the problem 
of utilisiug it, or of preventing nuisance, is one of great import- 
ance 

Two methods are in practical operation. One of these depends 
on the absorption of the gas by water. The furnace gases, having 
been cooled, are passed into a tower filled with coke, down which 
C(jld water flows. If the gases contain I per cent, of sulphur 
dioxide, I cubic metre of water dissolves 3 or 4 kilograms ; if 
2 1 per cent., 8 to 10 kilograms. The aqueous solution is boiled to 
expel the dioxide (an operation which must obviously be performed 
by heat which would otherwise be wasted), and the gas is either 
utilised for the manufacture of sulphuric acid, or condensed by 
cold and pressure, or it may be converted into sulphites. 

The other process consists in passing the furnace gases, cooled 
to 100°, through milk of magnesia (magnesium oxide mixed with 
w^ater). A sparingly soluble sulphite is formed, which is collected. 
On heating it to 200°, magnesia is regenerated, the sulphite evolv- 
ing from 30 to 33 per cent, of its weight of dioxide. The magnesia 
serves for a further operation. 

2. Manufacture of sulphuric acid. — The sources of sulphur 
for sulphuric acid are : (a) Sicilian sulphur ; {b) sulphur recovered 
from alkali- waste (see below); (c) hydrogen sulphide, also from 
alkali-waste ; or (d) copper pyiites. If the last source be employed. 
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the pyrites, after being burned for the sulphur which it ccntains, 
is passed on to the copper works, where the copper is extracted by 
the wet process, described on p. 661. 

The sulphur or the pyrites is burnt in kilns especially con- 
structed for the purpose, usually rectangular boxes of fire-brick, 
into which the necessary amount of air may be admitted by 
dampers. Too little air causes sublimation of sulphur ; too much 
causes an increase in the consumption of nitre, and lowers the 
yield of sulphuric acid. Iron pots containing sodium nitrate and 
sulphuric acid stand on the door, or, better, in the flue, of the fur- 
nace; nitric acid is thereby generated, and its products of reaction, 
along with sulphur dioxide and a little trioxide, pass up flues lead- 
ing from the kilns. These flues enter a dust chamber, where dust 
is deposited if pyrites be burned, which contains sand, arsenioiis 
and lead and iron oxides, sulphuric acid, and soraeiimes a litfle 
thallium oxide. 

The mixture of sulphur dioxide, sulphur trioxide (8 — 10 per 
cent ), nitrous fumes, some excess of oxygen, and nitrogen then 
passes into a tower, named from its invenfor the “ Glover’s tower," 
where it meets a descending current of sulphuric acid and water 
from which nitrous fumes have been liberated. The source of this 
acid will afterwards be described ; the hot gases evaporate some of 
the water, and are themselves cooled thereby ; the mixture of gases 
is now richer in nitrous fumes, and contains water-vapour in 
addition. 

Tbc gases now enter the “ chambers.’’ These consist of large 
rectangular boxes, made of lead, the joints in which are fused 
together, not soldered. As lead is a soft metal, the leaden cham- 
bers are supported on frameworks of wood at some distance from 
the ground, A number of such chambers (from three to five) are 
placed in a double row ; they communicate by means of wide 
leaden pipes. The bottoms of the chambers are covered with about 
2 inches of water, and are provided with valves, through which the 
weak acid is drawn off from time to time. Sometimes, when nitie- 
pots are not used for generating nitric acid in the burners, nitric 
acid is introduced into the first chamber, falling on an erection of 
earthenware pots, over which it flows, and is exposed to the action 
of sulphur dioxide. Steam is passed from a boiler into each 
chamber by a jet at one end, and a draught is produced through 
the whole set of chambers, usually by connecting the Gay-Lussac 
tower (afterwards to be described) with a chimney ; the issuing 
gas should contain 5 to 6 per cent, of free oxygen, together with 
the nitrogen equivalent to the oxygen in the air admitted into tlm 
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Inirners. Before passing into the chimney, however, these gases, 
wliicf^ should always contain excess of oxides of nitrogen, are 
^ade to pass up a tall tower constructed of lead and pacl^ed 
with hard coke. Down this tower, which is called after its in- 
ventor, Gay-Lussac (1827), a regular supply of strong sulphuric 
acid trickles ; it absorbs the nitrous fumes, forming hydrogen 
nitrosyl sulphate. H.(N0)S04, which dissolves in the excess of 
sulphuric acid. The reaction is 

2N0 + O -f 2H,S04 = 2H(N0)S04. 

The “ 2X0 + 0 ” may consist of NO2 + XO ; the gas is pale 
orange. The issuing “ nitrous vitriol ” runs into an egg-shaped 
iron vessel, from which it is forced up a stout leaden tube to a 
tank at the top of the Glover’s tower. Generally about half of 
the whole of the sulphuric acid made is passed down the Gay- 
Lussac tower. 

The object of the Glover tower is the opposite of the Gay- 
Lussac tower, viz., to denitrate the sulphuric acid, and to return 
the nitrous fumes to the chambers. The Glover tower is also con- 
structed of lead, but it is lined with brick and packed with flints, 
for coke soon becomes disintegrated by the hot gases. The gases 
from the pyrites- burners enter the tow^er at its base, and meet on 
their ascent with a stream of nitrous vitriol diluted with ordinary 
chamber acid. The degree of dilution depends on the temperature 
of the gases from the kilns, and on the amount of nitrous com- 
pounds in the nitrous vitriol. The gases are themselves cooled by 
their passage through the tower, and at the same time the diluted 
nitrous vitriol is concentrated, and passes out below in a concen- 
trated form at a temperature of 120° to 130°. The steam evapo- 
rated from the diluted acid passes, along with the sulphur dioxide 
and nitrous fumes, into the chambers. The reaction which takes 
place in the Glover tower is 

2H(X0)S04 + SO2 -h 2H2O -rr 3H2SO4 + 2X0. 

As nitrogen trioxide, XzOj, cannot exist in the gaseous state, it 
cannot be present in the chambers as such ; hence the active gases 
must consist of nitric peroxide, nitric oxide, sulphur dioxide, and 
steam. There can be little doubt that the sulphur dioxide reacts 
with the peroxide and some of the water-gas to form hydrogen 
nitrosyl sulphate, thus - 

2SO2 + 3XO2 + H2O = 2 H(X 0 )S 04 -f NO. 

The hydrogen nitrosyl sulphate, however, has only an ephemeral 
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existence, being decomposed by tbe steam into sulphuric acid and 
nitric peroxide and nitric oxide, the latter of which is reoxidised 
by the oxygen present to peroxide, again to react with a furthp' 
quantity of sulphur dioxide and steam. There is, however, always 
a certain loss of oxides of nitrogen, partly caused by some nitric 
oxide escaping through the Gay-Lussac tower, and partly, as some 
suppose, owing to a further reduction to nitrous oxide, which is 
not recoverable. 

. The acid from pyrites usually contains arsenic, from which it 
is purified, if desired, by precipitating the arsenic as sulphide, 
either with sulphuretted hydrogen or with a sulphide of sodium 
or barium. Nitrous compounds are generally removed by the addi- 
tion of a little ammonium sulphate during the concentration of the 
acid. The escaping gas is nitrogen. To prepare pure acid, the 
concentrated acid must be distilled from glass retorts. 

Should the Glover tower not be employed, the chamber acid 
must be concentrated by heating it in leaden pans, best from 
above. It may thus be concentrated until it has the specific gravity 
1*72, containing about 79 per cent, of acid, and boiling at 200°. 
Up to that point, only water evaporates, • and the acid does not 
appreciably attack the lead. 

Further concentration is carried out in vessels of platinum or 
glass, in the form of stills ; it may even be boiled down in iron 
basins, provided the top portion of the iron is protected from the 
hot weak acid. It is then filled into carboys, and brought to 
market. The strong acid is known as “oil of vitriol.’* 

The method of manufaefuring sulphur trioxide, or sulphuric 
anhydride, is described on p. 411. Chlorosulphonic acid, 
Cl — SO 2 OH, is produced by passing gaseous hydrochloric acid 
over the hot sulphur trioxide; and anhydrosulphuric acid by 
mixing trioxide with oil of vitriol. 

Alkali manufacture. — A large number of processes are con- 
nected with the manufacture of sodium carbonate, NaaCOs, among 
the more important of which are the preparation of caustic 
soda ; of chlorine, with its concomitants bleaching powder and 
potassium chlorate ; of sulphuric acid ; of hydrochloric acid ; of 
pure sulphur from pyrites ; and of sodium thiosulphate. 

As the object of the manufacturer is to make use of the 
cheapest materials, the choice of a starting point is limited. 
Two compounds of sodium occur in enormous quantity on 
the earth’s surface, viz., salt, or sodium chloride, and caliche. 



THE LEBLANC SODA-PBOCERS. 


671 


or sodium nitrate from Peru. The latter is made use of chiefly 
as a manure ; but it also serves as a source of nitric acid, which 
employed in the manufacture of sulphuric acid, and, consp- 
quentlj, of sodium sulphate. 

Carbon dioxide is a product of combustion; but, as it Is 
thereby largely diluted with nitrogen and with uiiburned oxygen, 
it is not generally available ’when obtained from fuel. 

The chief available source is limestone, or calcium carbonate. 

If it were possible to cause salt to react quantitatively with 
limestone, so as to realise the equation CaCO, -f 2NaCl = CaCla + 
Na 2 C 03 , the alkali maker’s business would be a simple one. It is 
true that limestone moistened with a solution of salt does yield 
calcium chloride and sodium carbonate after some weeks, but only 
a small proportion of the whole mass reacts ; hence it is necessnry 
to introduce secondary reactions, so as to obtain a reasonable yield 
of the desired product from the raw materials. 

There are two methods of achieving this object which are 
practically successful. These are : — 

1. The Leblanc soda-proc6ss ; and 

2. The ammonia soda-process. 

We shall consider these in them order. 

1. The Leblanc soda-process. 

The equation to be realised is, as already mentioned, 

CaCOa -f 2]SraCl = CaCh -f Na^CO^. 

In fact, an attempt is made to realise the still simpler equation, 
21^aCl -h H 2 O 4- CO 2 = Na^COa + 2HCI ; 
or, if caustic soda is required, the con^esponding equations, 

Ca(OH )2 + 2NaCl = CaCh -f 2]SraOk, or 
H 2 O -h NaCl = HCl '4- NaOH. 

The operations in the Leblanc process consist — 

A. In preparing sodium sulphate from salt. 

B. In converting the sulphate into sulphide of calcium and 
sodium carbonate by heating with lime and coal. 

C. In crystallising out the decahydrated sodium carbonate, 
NaaCOs.lOHaO (soda-crystals), or in producing dry sodium carbon- 
ate or soda-ash. 

To these are added : — 

D. The causticising of the sodium carbonate, producing 
sodium hydroxide ; and 

E. The recovery of the sulphur from the calcium sulphide. 

A. The preparation of sodium sulphate.— This is achieved 
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cither {a) by exposing salt to tlie action of sulphur dioxide, steam, 
and air (Hargreaves’ process) ; or (h) by treating salt with sul- 
phuric acid. / 

(a.) The Hargreaves’ process for manufacturing sodium 
sulphate and hydrochloric acid. — The gases obtained by the com- 
bustion of sulphur, or more usually of pyrites, are passed downwards 
through salt contained in cast-iron cylinders enclosed in a fire- 
brick casing, and provided with fire-places and flues. Much 
depends on the physical state of the salt. It should be porous, 
and yet not too closely packed. It is moistened and moulded by 
pressure into cakes, and they are broken up and packed in the 
cylinders, which are furnished with perforated shelves, or grids, so 
tliat the pressure of the salt in the cylinder may not consolidate 
the lower layers. The sulphur dioxide produced in pyrites-kilns 
should contain the I’cquisite excess of oxygen to convert it into 
trioxide, and is mixed with steam, which is blown into the pipes 
leading from the pyrites-burners. The temperature of the cylinders 
should be maintained as close as possible to 500 — 550°. At first 
external heat is required, but the heat developed by the reaction 
is afterwards sufficient. Each cylinder is capabhj of holding 40 
tons of salt, and eiglit cylinders form a set. The reaction is a 
blow one, and takes several weeks. 

The issuing gases are drawn off by means of a fan ; they con- 
sist of hydrogen chloride and nitrogen, along wdth the excess of 
oxygen. The hydrogen chloride is condensed in coke towers, as 
will afterwards be described. 

The reaction is of the simplest kind, and is shown by the 
e([uation : — 

2SO2 + 0, -f 2H,0 -h 4HaCl = 2Na,SO, -f 4HC1. 

(5.) Sulphate from salt and sulphuric acid. — This is the 
original process for manufacturing sodium sulphate. Coarse- 
grained salt is mixed with sulphuric- acid of 70 — 80 per cent. 
(140° Tw.), in spoon-shaped iron pans, covered by a close arch of 
brick, through which a stoneware pipe passes. The sulphuric 
acid is mixed hot. When action has ceased, the salt is converted 
into hydrogen sodium sulphate, thus : — HaCl + H2SO4 = HCl -f 
HNaS04. The hydrogen chloride passes off through the stone- 
ware pipe in the arch of the furnace to a tawer filled with coke, 
down which water flows. It is dissolved, and runs out at the 
foot of the tower in a saturated condition. The hydrogen sodium 
sulphate, containing excess of salt (for the total quantity of salt 
corresponding to the equation 2HaCl + H2SO4 = Ha2S04 -f- 2HC1 
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is added at the commencement), is raktd from the pan into the 
“ roaster,” a trap being lifted to permit of the transfer. Some- 
fNnes a “ blind roaster,” i.e., a furnace heated from outside, is 
made use of; but such furnaces arc difficult to keep tight; it is 
more usual to employ an open roaster, where the products of the 
combustion of coke play dii*ectly on the mixture of salt and acid 
sulphate. The gases are then condensed in a separate coke-tower, 
and furnish a weaker acid, which is made use of instead of water 
for the coke-tower connected with the “ pan.” When all action 
has ceased, the “ salt-cake ” is raked out of the furnace. 

It is now common to use a mechanical furnace, consisting of a 
rotating disc of brick- work on an iron frame, covei'cd by a 
stationary hood, and provided with mechanical stirrers. Tin* heat 
is supplied fiom a furnace at the side, the products of combustion 
])laying directly on the mixture of salt and sulphuric acid. This 
mixture enters from a hopper at the top of the hood, and is distri 
buted slowly towards the side of the disc by the mechanical 
stirrers; it is from time to time dropped through traps into trucks 
placed to receive it. The gases pass out through the top of the 
hood, entering an iron jupe, for iron is not attaidvcd by gaseous 
hydrogen chloridi' above a certain temperature. As the gas cools, 
it enters pipes of stoneware or glass, which lead it to the condens- 
ing tower. 

Manufacture of sodium carbonate by the Leblanc pro- 
cess. — The materials arc, salt-cake^ which should be porous and 
spongy ; lvthesto7i(\ or roughly ernrshed chalk, as free as possible 
from magnesia or silica; and mialJ-coal, or “slack,” as free from 
ash as possible, so as to avoid formation of calcium silicate. These 
materials are crushed and mixed together, usually in the propor- 
tion of 100 parts of sulphate, 80 of limestone, and 40 of coal. 

When hand-furnaces are used^ the materials are heated directly 
by the gases of combustion and stirred by moans of rakes ; the 
mixture sinters, but does not quite fuse. It is moved about, and 
finally gathered into balls of. “hlack-ash.” These arc withdrawn 
from the furnace and allowed to cool. 

Mechanical revolving furnaces are now common ; a cylinder of 
iron plate, lined with fire-brick, lies horizontally on rollers, so that 
it can be made to revolve on its axis. One end of thec}lin(lcr 
abuts on a furnace, of which the combustion-products pass through 
the cylinder, escaping through a flue, similarly abutting on its 
other end. The cylinder, is charged through an opening in the 
middle, through which it can be tilled when the opening is above, 

X 



674 


raOCESSES OF MANUFACTURE. 


or emptied when ihe cylinder is turned round. This hole is closed 
with a door, luted on with clay, after filling the cylinder with its 
charge, which consists usually of 100 parts of sulphate, 72 of liitie- 
stone, and 40 of coal. The cylinder is made slowly to rotate, and 
the charge is rhereby mixed and tossed, while the flames from the 
furnace play through. After to 2| hours the operation is 
ended. The oj)ening is brought to the top, and 10 parts of quick- 
lime mixed with 12 to 16 parts of cinders are thrown in. The door 
is replaced, and for a few minhteS the cylinder is rapidly rotated, 
so as to mix the black-ash With these additions. The object of 
adding them is that, on subsequently lixiviating the ash, the lime 
may slake and burst up the lumps, and thus allow the water 
quickly to dissolve the carbonate. ’ It is also customary to add some 
fresh sodium sulphate at' the end of the operation, in order to 
decompose cyanide, thus: — Na>S‘04 -f 4NaCN = Ka2S? 4NaCNO. 
The rotation of the cylinder is finally stopped, the door removed, 
and the chai’gc emptied into iron trucks, brought successively 
beh ’w the opening. The charge of bla(*k-ash in the trucks sends 
oif from all parts of its surface flames of carbon monoxide, 
coloured yellow, of course, by sodium. 

The action which takes place in hand- furnaces is believed to 
consist of the reduction of the sulphate iil the upper portion of the 
mixture to sulphide, and the expulsion ot carbon dioxide from the 
limestone. But the lime is recarbonated by the carbon dioxide 
produced by the reduction of sulphate in th^ lower layers by the 
coal. When all the sulphate is reduced, the temperature rises, and 
calc um carbonate is decomposed, reacting with the sodium 
sulphide. The escape of carbon monoxide takes j^lace only at the 
end of the operation, and renders the mass porous. The reactions 
in a hand-furnace are probably represented by the equations : — 

5]Sra2S04 + IOC = 5Na,S 4- lOCO^; 

5Na2S + SCaCOj = 5Na2C03 H- 5GaS ; and, at the end, 
2CaC03 + 2C = 2CaO 4- 4CO. 

The black-ash, when nearly cold, is broken into lumps, and 
placed in the lixiviating tanks, so arranged that the strongest 
liquor comes in contact with the fresh black-ash, and is drawn off 
saturated, while the ash already partially extracted is exposed to 
the action of the weakest liquors. The ash must not remain too 
long in contact with the water, nor must the temperature be high, 
else back action commences, and the calcium sulphide and sodium 
carbonate react to form calcium carbonate and sodium sulphide. 
The liquor, when drawn off, is turbid, and has a green colour, due 
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to a trace of sodium ferrous sulphide. It is allowed to settle, and 
transferred to pans heated by the waste heat from the black-ash 
fib'nace, preferably from above. On evaporation, salts separate, 
which are “fished” out with perforated ladles. They consist at 
first of sodium chloride and sulphate. The liquor contains carb- 
onate of soda, and an equal quantity, or even more, caustic. On 
further concentration, Na2C03.H20 separates and is removed. 
The red liquor, as the mother liquor is termed, is often made intf) 
caustic, but often it is evaporated to dryness and calcined with 
sawdust; or, better, treated before boding down with carbon 
dioxide, either from furnace gases or from lime-kilns, in order to 
carbonate the caustic. A special advantage of the hist process is 
that sulphide of sodium is thereby converted into carbonate, 
whereas by ignition with sawdust it remains unaflected ; it is 
sometimes converted into sulphate by ignition in air after carb- 
onation. 

The carbonate is sometimes purified by redissolving, settling, 
evaporating, fishing, and igniting. It is then ground and 
packed. 

Crystal soda, Na2CO}10H3O, is made from the impure yellow 
carbonate. It is dissolved, and after settling, it is run into tanks, 
and allowed to cool. The mother liquor is boded down ; it con- 
tains sulphate, but is useful for glass-making. 

The bicarbonate/^ or hydrogen sodium carbonate, HNaCO,, 
is produced by ti’eating the crystals with carbon dioxide made 
from limestone and acid. The water of tlie hydrated carbonate 
drops away, and masses of bicarbonate are left, which retain the 
form of the original crystals. 

Caustic soda. — To prepare “caustic,” the tank liquors, which 
already contain much caustic, are run into ii-on tanks and mixed 
with lime. The calcium carbonate is filtered off through cloth 
filters, and returned to the black-ash furnace. The liquors are 
concentrated in a “ boat-pan,” ^.e., a pan shaped like a boat, of 
which the sides alone are heated from below, and the salts d(‘posit 
on the bottom. They are fished, and returned to the black-a.sh 
furnace. A little sodium nitrate is then added to oxidise the 
sulphide, thus : — 

2 Na 2 S + NaNOa + 3H2O = Na2S203 + 3 NaOH -f NH3. 
2N'a2S203 -f 3 NaOH + NahTOa = 4Na2S03 + NH3. 

4Na2S03 + NaNOa + 2H2O = 4Na3S04 + NaOH -f NH3. 
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The sulphide is thus ultimately converted into sulphate and 
caustic, with escape of ammonia. * 

The liquors, after concentration, are then transferred to i^ne 
“ finishing pans,” thick hemispherical iron pots, where the final 
water is removed. At a certain stage graphite separates, owing to 
the decomposition of the cyanide, and even here a little sodium 
nitrate is added to remove the last trace of sulphide. The fused 
caustic is then poui*ed into iron drums, in which it is brought to 
market. 

Utilisation of tank- waste.— The recovery of sulphur from 
the calcium sulphide in the tank- waste would, if complete, cause 
the manufacture of sodium carbonate ultimately to resolve itself 
into a reaction between calcium carbonate and sodium chloride, if 
calcium carbonate is the final waste product; or between water 
and sodium chloride, if the calcium be recovered as carbonate and 
returned to the soda-ash furnace. The latter is the more perfect 
theoretically. 

As a sample of the first, Scliaffner' s process may be cited. In 
it the muddy deposit, after lixiviation of the black -ash and re- 
moval of the sodium carbonate, was allowed to lie exposed to air ; 
Mond introduced a blast of air for oxidation ; and the oxidised 
waste, consisting largely of calcium thiosulphate mixed with a 
portion of unoxidised material, was treated with hydrochloric 
acid. A reaction similar to the following took place : — 

CaS, 03 . Aq -f 2CaS^ + 6HC1 Aq = SCaCl^ Aq -f 3H,0 + (2.r -f 2)S 

The sulphur sludge was allow^ed to deposit, or, better, the sulphur 
was melted by heating under pressure, and recovered; the calcium 
chloride was run to waste. Were the Leblanc process theoretically 
perfect, such recovery of sulphur would dispose of all the hydro- 
chloric acid made, leaving no surplus for the manufacture of 
bleaching powder. 

Schaffner and Helwig are the inventors of another process, 
which, however ingenious, has not succeeded commercially. In it 
the waste v as treated with magnesium chloride, calcium chloride 
and magnesium sulphide (or hydrosulphide) being obtained, thus : — 

CaS -f MgCl^.Aq = CaCL-Aq + MgS.Aq. 

The solution of magnesium sulphide (or hydi-osulphide) when 
heated to 80° yielded oxide and hydrogen sulphide, thus : — 

MgS 4- H 2 O = MgO + H,S. 

The hydrogen sulphide was stored in gas-holders, leakage, 
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owing to diffusion through water, being prevented by sealing the 
g^somelers with heavy petroleum oil. The sludge of calcium 
chforide and magnesium oxide was treated with carbon dioxide 
under pressure, and yielded calcium carbonate and magnesium 
chloride, the latter being utilised for further treatment of waste, 
thus : — 

CaCL.Aq + MgO + CO, = CaCO, + MgClo.Aq. 

The precipitated calcium carbonate was returned in a diy state to 
the black-ash furnace. The hydrogen sulphide was utilised in the 
manufacture of sulphuric acid by direct burning, or, by mixing 
with sulphurous acid, made to yield up its sulphur. 

Chayices recovery process promises better results. It con- 
sists in saturating with carbon dioxide the waste, mixed with 
water, and contained in a series of vertical cylinders. In the first 
cylinder into which the carbon dioxide enters, a portion of the 
calcium sulphide is converted into carbonate, while the hydrogen 
sulphide converts the remainder into calcium hydrosulphicle 
thus : — 

2CaS -h H^COa.Aq = CaCO, + Ca(SH) 2 .Aq. 

The further action of the carbon dioxide is to decompose the 
hydrosulphide, the sulphuretted hydrogen passing into the second 
cylinder, thus : — 

Ca(SH),.Aq -f H^CO^.Aq = CaCO, + 2H,S + Aq 

The waste in the second cylinder is thus converted into soluble 
hydrosulphide of calcium, in its turn to be decomposed by the 
carbon dioxide. The hydrogen sulphide is thus driven from cylin- 
der to cylinder, until finally it is expelled. When the first cylinder 
is exhausted of hydrogen sulphide, it is thrown out of circuit, to 
be recharged with fresh waste ; it then becomes the end cylindei 
of the circuit. The resulting calcium carbonate may, when dried, 
be returned to the black-ash furnace. 

The hydrogen sulphide may be utilised in the manufacture of 
sulphuric acid, but it pays better to recover it in the form of 
sulphur. This is done by Claus's process. The sulphuretted 
hydrogen is burned below a layer of ferric oxide, air being care- 
fully regulated, so that one-third of the total gas is converted into 
dioxide. The dioxide reacts with the hydrogen sulphide, in con- 
tact with the hot and porous ferric oxide, yielding sulphur and 
water, thus : — 


2H,S + SO, = 2H,0 + 3S. 



G78 


PROCESSES OF MANUFACTURE. 


The sulphur distils over, and is condensed in suitable briek 
chambers, the nitrogen of the air passing on. The sulj5hur is 
melted under hot water at a high pressure, and brought to mark(*i. 

Manufacture of chlorine. — The manufacture of chlorine is 
intimately connected with the Leblanc soda process, for hydrogen 
chloride is thereby produced in large amount; There are two 
remunerative processes for the manufacture of chlorine : the usual 
one, viz., the treatment of manganese dioxide with hydrochloric 
acid ; and the mutual action of air and hydrogen chloride at a 
high temperature, in presence of some material (best, copper 
chlorides) capable of inducing their action. The last process is 
generally called the “ Deacon chlorine process,” for Mr. Deacon 
was the first to make it a commercial success. The first process 
always worked so as to recover the manganese ; this improvement 
IS due to the late Mr. Weldon. 

1. The manganese chlorine process.— The chief source of 
the manganese ore is the Spanish province of Huelva ; the ore 
consists essentially of dioxide. It is broken into fragments smaller 
than a hen’s egg, and placed in “chlorine stills,” built of sandstone 
boiled in tar ; such stills are sometimes cut from a single block of 
sandstone. They are circular or octagonal troughs, covered with a 
block of sandstone, the junction between the cover and the trough 
being made tight by a circular band of india-ruboer, on which the 
cover rests. The acid is admitted and - the chlorine evolved 
through holes cut in the cover. The ore (6 to 10 cwt.) is placed 
on' a grating or table standing in the still, and acid is run in tdi 
the still is three-quarters full. The first reaction takes place 
(piickly ; it consists probably in the formation of MnCb, thus : — 
‘JMnO.2 + 8HC1 = 2MuCi3 + 4H,0 + CL. Wlien the nist action 
has ceased, steam is blown in for about 10 minutes, so as to com- 
plete the reaction — 2MnCl3 = MnCL + CL; fresh steam is intro- 
duced at successive periods of an hour. Only a portion of the 
hydrochloric acid is used ; 6 to 10 per cent, remains free after the 
action is completed, and the chlorine produced amounts to only 
about one-third of that contained in the acid used. 

Weldon’s manganese -recovery process.— The manganese 
chloride from the stills is run off and mixed in a covered tank 
with calcium carbonate to neutralise the free acid, and to precipi- 
tate the iron from the ore as ferric hydroxide. The precipitate is 
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allowed to settle, and the clear liquor is mixed with milk of lime 
fT:ee from mag-nesia. This pieeipitates manganese hydroxide, 
M6(0H)2, and tlie object of the process is to conveit this hydi - 
Oxide into hydrated dioxide by means » of a blast, of air. If air 
were blown through such moist hydroxide at a high temperature, 
only one-third of the manganese would be oxidised, the product 
being hydrated Mn304, which may be viewed as Mn02.2Mn0 ; at 
the ordinary temperature the action would be very slow, and 
would lead to the formation of MU2O3 = Mn02.Mn0. But if 
excess of lime be added in addition to that required to precipitate 
manganous hydroxide, and if the mud of. hydroxides of manganese 
and calcium be exposed to air in a hot state, a mixture of man- 
ganites of calcium, of the formulaj Ca0.2Mn02 and CaO.MuO^, is 
formed, in which all manganese is in the state of peroxide. Tho 
presence of calcium chloride in tlie Inpiid is desirable, inasmiicdi 
a:i it is then better able to dissolve lime, and to bring about its 
combination with the peroxide. 

The mud is placed in tall iron cylinders and heated by blowing 
in steam ; air is then forced in. The temperature should not exceed 
65 °, else MiisOi and Mn20j are formed. ^J'he manganese rapidly 
oxidises, and the colour of tho mud changes to black When, the 
amount of dioxide no longer increases, manganous chloride is i*un 
in, when the reaction occurs: — 

2(Ca0.Mn02) + MnCh. -f H>0 = CaO 2MnO. -f Mn(0H)2 

-f CaCh 

The mud is then run into tanks and the calcium chloride drawn 
off from the precipitated sludge. 

A different form of chlorine still, taller in proportion to its 
diameter, and unprovided with a grating, is made use of. It is 
charged with hydrochloric acid, and the mud is run in as long as 
chlorine is evolved; tho mixture grows hot, and nearly all Ithe 
hydrochloric acid may be utilised, only ^ to I per cent, remaining 
free at the end of the reaction. It is advisable to employ the acid 
liquor from the stills charged wdth manganese ore along with 
fresh hydrochloric acid in the mud stills; the free acid ia thus 
saved. 

Another process of manganese I’ecovery, practised on a limited 
scale, is due to Mr. Dunlop. It consists in converting the man- 
ganous chloride into carbonate by heating its solution under 
pressure wdth chalk ; the calcium chloride is removed, and the 
precipitated manganous carbonate, while still moist, heated in a 
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current of air. It is thus converted into dioxide, which is used for 
a subsequent operation, as in tlie Weldon process. 

2 The Deacon chlorine process. — The fundamental reaction 
of this process is expressed by the equation 4HCI -f O2 = 
2H2O -h 2C1]. But the action is a very incomplete one unless 
some porous substance be present, and even then it would amount 
to only a small fraction of the theoretical product. The presence 
of copper chlorides causes it to take place, and on the small scale 
as much as 90 per cent, of the hydrogen chloride has been thus 
decomposed. The cuprous chloride effects the reaction 2CU2CI2 + 
4HC1 -h O2 = 4CuClj + 2H2O, and the cupric chloride evolves 
clilorino, regenerating cuprous chloride, thus : — 2CuCl2 = 
2CU2CI2 “h CI2. The reaction can take place only at such a tem- 
perature that the absorption and evolution of chlorine are at a 
balance ; it begins at 204°, and is most active between 373° and 
400°. At 417°, cupric chloride volatilises. The reaction depends 
not on the amount, but on the surface, of the copper chlorides, 
and to increase surface, fragments of brick soaked in copper sul- 
phate are employed. The sulphate is rapidly converted into 
chloride. 

In this process the liydrogen chloride may be taken directly 
from the salt-cake pans or the decomposing furnace. It enters a 
set of pipes, in which its temperature is raised to 400° ; it then 
passes into a cylindrical chamber, filled with prepared brick, and 
surrounded by a nori-condncting jacket to prevent heat escaping. 
At the commencement, this chamber is heated by the waste heat 
from the fire employed to heat the gas, but it maintains its own 
temperature after a short time. The temperature must be care- 
fully regulated during the whole operation. The exit from the 
brick-chamber leads to a series of glass or earthenware pipes, in 
which the mixture of escaping gases — chlorine, hydrogen chloride, 
nitrogen, excess of oxygen, and steam — is cooled; hydrogen 
chloride is removed by passing the gases upwards through a coke- 
tower, down which water flows ; and, if required for the manufac- 
ture of bleaching powder, the gases are dried by passing through 
a similar tower fed with oil of vitriol. They then pass through a 
Root’s blower ; this blower ensures the entry of sufficient air from 
leakage in the decomposing furnace, pipes, &c., to supply oxygen 
for the hydrogen chloride. 

The cuprous bricks become exhausted after some time, probably 
losing their porosity, and one of the disadvantages of the process 
is the necessity of frequently replacing them by freshly prepared 
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ones. The amount of decompo«?ed hydrogen chloride on the large 
scale seldom exceeds 45 per cent, of the total amount present. 

Bleaching powder. — The chief use of chlorine is in the manu- 
faciiire of bleaching powder, “bleach,” or “chloride of lime” 
1'he upshot of many researches on the formula of bleaching po\^der 
has been to show that it undoubtedly consists of the compound 

Ca<^QQ|, with a little free lime mechanically protected from the 

action of chlorine, and about 15 per cent, of water. It has been 
proved to contain no calcium chloride, because all chlorine is ex- 
}ielled by passing over it a current of carbon dioxide ; calcium 
chloride treated thus of course remains unaltered (see also p 4(38) 

For the manufacture* of good bleaching powder, the lime must 
be specially pure, well slaked, and free from lumps, and it should 
contain no magnesia. It is exposed to the action of chlorine, made 
by the manganese process, and therefore nearly pure, spread on tlu' 
floors of chambers of brickwork or lead or cast-iron, six feet high, 
and of considerable area ; these chambers are ])rotectod internall} 
by a layer of cement and tar. The gas is introduced in the roof, 
and descends, owing to its weight. The progress of the operation 
is seen through windows in the cast-iron doors , when the 
chambers are seen to be green, admission of chlorine is stopped. 
The chlorine being forced in under a slight pressure, some fresh 
lime is thrown in to absorb that remaining in the chambers , 
workmen then enter, their mouths protected by bandages of wet 
cloth, and rake the powder so as to expose fresh surfaces. Chlorine 
is again introduced, and when absorption again ceases, the powder 
is removed and packed in casks. The amount of available chlorine, 
i.e., the amount which is capable of liberating iodine, acting as an 
oxidiser, &c., is usually 37 to 38 per cent., but may in exceptional 
circumstances rise to 43 per cent. During the whole operation the 
temperature is kept as low as possible. 

Should the chlorine be made by the Deacon process, and be con- 
sequently diluted with nitrogen and oxygen, a larger surface of 
lime may be exposed, because there is less danger of heating, and 
because the chlorine is not so greedily absorbed. The chambers 
are filled by a series of slate shelves, distant from each other about 
a foot, and so arranged that the gas zig-zags, passing over shelf 
after shelf on its way from the top of the chamber to the ground 
The weaker chlorine is brought into contact with fresh lime, and 
the fresh chlorine with lime already partially charged. By this 
method the bleaching pow^der contains a less percentage of avail- 
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able cbloriue than if purer cliJorine be used ; the amount seldom 
exceeds 36 per cent. 

Potassium chic rate. — The chlorine may also be utilised in 
the manufacture of potassium chlorate, though for this substance 
there is only a limited demand. To prepare chlorate, the chlorine 
is led into a closed leaden tank, filled with milk of lime, continually 
agitated and splashed by a ine'ihanical stirrer. It is rapidly ab- 
sorbed, with great evolution of heat ; the hypochlorite of calcium first 
formed is rapidly changed into chlorate. The reaction occurs ; — 

GCa(OH) 2 Aq + GCI 2 = 5CaClo Aq -f Ca(C 103 )>.Aq -f GH.O. 

In actual practice it is found that the ratio of chlorine in 
chloride to that in chlorate is 5*5 to 1, instead of 5 to 1, as required 
by theory ; some oxygen is said to escape (?). After the lime mud 
has settled, potassium chloride equivalent to the calcium chlorate 
is added to the liquor drawn off from the sediment, and the 
mixture is evaporated in iron pans. On cooling, the less soluble 
potassium chlorate crystallises out, leaving the very soluble calcium 
chloride in the mother liquor. On cooling the mother liquor, 
a fresh crop of crystals of chloime separates. The potassium 
chlorate is rendeied sufficiently pure by a second crystallisation 
from hot water. 

Sodium chlorate is made from potassium chlorate by treating 
a solution of the latter with hydrosilicifluojuc acid, prepared by 
passing silicon fluoride into water; the insoluble silicifiuoride of 
potassium is removed, and the liquid is evaporated, till crystals 
separate. 

All these operations are often concurrently carried out in an 
alkali-work employing the Leblanc soda proeess. It is a matter 
of choice whether the manganese chlorine process or that of 
Deacon be employed, but most works prefer the former. It will 
be seen that with recent improvements most of the by-products 
are utilised. The sulphur is recovered ; the carbon dioxide 
required to decompose the waste may be obtained from the lime- 
kilns; the calcium carbonate produced from the waste is returned 
to the black-ash furnace; but of the chlorine of the salt, two- 
thirds are rejected as calcium chloride by the manganese chlorine 
process, whereas, by Deacon’s process, one half is at least utilised. 
The manganese dioxide employed in the manufacture of chlorine is 
regenerated, but here again with an expenditure of lime. 
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The other important process for the manufacture of alkali is 
theoretically more perfect, but up to the present it has not been 
l»^und possible to combine it with the profitable manufacture of 
chlorine. 

2. The ammonia-soda pjrocess. — The fundamental reaction 
involved byNthis process is : — ■ 

NaCl.Aq -h NH, Aq -f H,0 + CO., = HNaCOs +• NH.Cl.Aq. 

It Avas first made successful by M. Solvay, about 1864. 

Brine from a salt-mine, purified from salts of magnesium by 
the addition of a little milk of lime, and of tlie added lime by 
ammonium carbonate, is filtered and cooled; it is brought up to 
saturation by addition of solid salt, and saturated with ammonia, 
produced by heating ammonium chloride with calcium hydrate. 
It is then inti'oduced into vertical cylinders of considerable height 
(36 to 63 feet), provided with perforated shelves; or, more 
usually, it is placed in a set of shorter cylinders, arranged in a 
vertical column, their united height being equal to that mentioned. 
Carbon dioxide from the lime-kiln in which the lime-stone is 
burned in order to provide lime to decompose the ammonium 
chloride, after being washed and cooled, is pumped in at the 
bottom of the lowest cylinder, in a series of jerks, by a powerful 
pump. This carbon dioxide is necessarily dilute, containing about 
25 per cent. CO*,. Towards the end, as the liquid becomes 
saturated, purer carbon dioxide, obtained by heating sodium 
liydrogen carbonate, is made use of. Crusts of hydrogen sodium 
carbonate deposit on the perforated shelves ; when the operation 
is complete, the liquid containing undecomposed salt, ammonium 
chloride, and excess of ammonia, is i*un off ; it enters the stills, 
where it is treated with milk of lime and where the ammonia is 
recovered. During the passage of carbon dioxide, heat is generated 
111 the cylinders, but ■ they are cooled from the outside by cold 
water, and, moreovery the expansion of the ciirbon dioxide on its 
passage upwards absorbs heat, so that the temperature does not 
rise greatly. The escaping dioxide is passed through fresh brine, 
so as to deprive it of ammonia. 

Water is then run into the cylinders and steam is blown in. 
The crusts of bicarbonate of soda dissolve, and, on cooling, separate 
ill crystals. It is collected, dried at 60", and heated in closed 
vessels to expel cai*bou dioxide, which again passes into the decom- 
posing cylinders. 

This process should theoretically realise the equation 2N’aCT -f- 
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CaCOj = CaCL 4- NaoCO.^, if the ammonia were perfectly re- 
covered ; blit in practice the loss of ammonia amounts to aboi ^ 
6 to 8 per cent, of the carbonate of soda formed. 

The product is, of course, free from sulphides and caustic soda, 
but it is less dense than that obtained by the Leblanc process. A 
very large amount of carbonate is now made by this process; it 
may be causticised in the usual way if caustic soda is reijuired, or 
ferrate of sodium, Na 2 Fe 03 , may be made by heating it with ferric 
oxide with free access of air, and then decomposed by water, the 
ferric oxide being precipitated, while caustic soda remains in the 
liquor. 

A modification of this process which is also worked consists in 
the preparation of solid hydrogen ammoniam carbonate by the 
action of carbon dioxide on ammonia solution. This solid is filtered 
on to cloth filters and then watered with a solution of salt ; it is 
thereby converted into bicarbonate of soda, while liquor containing 
ammonium chloiide, one-third of the salt used, and ono4hird of 
undecomposed ammonium hydrogen carbonate, runs through. It is, 
however, difficult to prevent considerable loss of ammonia, and the 
large mass of material on the filters is difficnlt to handle. It is then 
ignited in a reverberatory furnace, the carbon dioxide being lost. 

These are among the most impoi'tant chemical processes carried 
out on a large scale. For detailed information the reader is 
advised to consult Lunge’s Sulphuric Acid aud Alkali Manufactiire ; 
Richardson and Watts’ Technwal Dictionary ; Thorpe’s Dictionary 
of Applied Chemistry ; and, above all, the Journal of the Society of 
Chetnical Industry. 
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Agate, 49, 300. 

.Alabandine, 214 
Alabaster, 422. 

Albito, 29, 315 
Allamontite, 556 
Altaite, 295 
Aliirninite, 424 
Alum stoue, 410 
A1 unite, 426 
Alunogeti, 424. 

Ametliysl, 237 
Anatase, 44, 275, 300 
Anglesite, 410, 429 
Anhydrite, 31, 409 
Anorthite, 315 
Antimony bloom, 3 19 
Antimony ochre, 57 
Apatite, 31, 57, 358 
Aquamarine, 31 
Argyrodite, 49, 301. 
Argyrose, 487 
Arragomte, 286. 

Arsenical pyrites, 57 
Arsenopy rites, 554 
Arsenosidi-rite, 552 
Asbestos, 33 
Atacamito, 48S, 493 
Augite, 33, 313 
Azurite, 79, 290. 

Barnhardite, 257. 

Barytes, 31, 409. 

Basalt, 40 
Bauxite, 240 
Beegente, 380. 

Berthierite, 380. 

Berychite, 256. 

Beryl, 31, 312 
Berzelianite, 487. 

Biotite, 33, 

Black band iron ore, 40, 288 
Black copper ore, 487. 

Black lead, 43. 

Blende, 33, 62, 225. 

Blue iron ore, 351 
Bog diamond, 49, 300 


Bog iron ore, 40, 248 
Boraeite, 35, 232. 

Borax, 35, 232 
Boronalrooaleite, 35, 
Botryolite, 314 
Bouliingevite, 380 
Bouriioiute, 380 
Braumte, 41, 248, 251 
Breitliavqitiie, 552 
Broeliamte, 132 
Bromargyrite, 174 
Brookite, 44, 275 
Brovin hmmalitc, 248. 
Brown iron ore, 40. 
Brucite, 225. 

Cacoxono, 361. 

(^iirngorm, 300. 

Oalainme, 33 

„ siliceous, 313. 
C'al(!S]iar, 3 1 , 286 
Caliche, 325 

Capillary pyrites, 41, 244 
Carbon, 43 
Carbonado, 43, 47 
Carnallite, 33, 123 
Carnelian, 300 
Carrolite, 2 48 
Cas'^iterite, 50, 301 
Castor and pollux, 29. 
C.itseye, 300 
Celestine, 31, 400. 

Ceritc, 36, 44, 232, 316 
Ck'russite, 50, 288 
(3ialeedoiiy, 49, 300 
Chalcolite, 393 
Clialeopyrrliotite, 257 
Clialcostibite, 380. 

Chalk, 31, 287. 

Chert, 300 
Cliildrcnite, 361. 

Chill saltpetre, 72, 319. 
China clay, 37, 31 4 
Cliristophite, 248. 

Chrome iron ore, 248, 254 
Chrome ochre, 248 
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Chrysoberyl, 31, 241. 

Clirjsocolla, 316. 

Chrysoprase, 300 
Chryaorite, 313. 

Cinnabar, 62, 70, 487. 
Clausthalite, 295. 

Clay, 40. 

Clay band, 40, 2S8 
Clay iron stone, 4' >, 252. 

Cobalt bloom, 361. 

Cobaltite, 554. 

Collynte, 308. 

Colinnbite, 36. 

Copperas, 410, 127 
Copjier bloom, 487. 

Copper glance, 79, 487. 
Copper-nickel, 41 
Copper pyrites, 79, 2 18, 25! I, 257. 
Coprolites, 57. 

Corellin, 487. 

Corneous lead, 1 48, 2v88 
Corundum, 37, 237. 

Corynite, 554. 

Coaalite, 380. 

Crocoisite, 268. 

Cryolite, 29, 37, 72, 115, 133 
Cryj>tolite, 362. 

Cuprite, 79. 

Datolite, 36, 232, 31 4. 

Daubrcelite, 256. 

Jlecheiiite, 329. 

Derbjsliire spar, 31. 

Delvauxite, 361 
Dcseloisite, 329 
Diamond, 43, 4(>. 

Dia.spore, 240. 

Dolomite, 33, 287. 

Dolonte, 31. 

Dumortierite, 31 1. 

Dmerald, 31, 312 
Emerald nickel, 290. 

Emery, 57, 237. 

Emplectite, 380 
Epsom salts, 423, 409, 3.3. 
Eucryptite, 314. 

Euxenite, 36, 4?4, 49, 51, 275, 319. 

Feather alum, 409, 42 1. 

Felspar, 29, 37. 

Fergusonite, 393. 

Ferrotellurite, 428. 

Fibrolite, 314. 

Fiseherite, 361. 

Flint, 300, 49. 

Fluocerite, 114. 

Fluorsi^ar, 31, 72, 120. 
Franklmite, 254, 225. 

Frogerite, 404. 


Gadolinite, 316, 36, 44, 232. 
Gahnite, 211. 

Galena, 50, 62, 294 
Galonobismuthite, 380. 
Garriierite, 316. 

Geoeronite, 380, 

Gibbsite, 240, 361. 
Glance-cobalt, 41. 

Glaserite, 409. 

Glauber’s salt, 29, 409, 420 
Glaucodot, 554. 
Glaucopyrites, 5.54 
Got lute, 40, 252. 

Granite, 49. 

Graphite, 43, 47 
Green iron ore, 361. 
Greenockite, 3.3, 228 
Green vitriol, 410, 127. 

Grey iron ore, 248, 252 
Grossiilarite, 314. 

Gueparite, 380 
Gypsum, 421, 409. 

Gyrolite, 312. 

Tleematite, 4S, 251, 402 
llansmannite, 41, 248, 254 
ileavy-spar, 409, 31 
Hessite, 487 
iletaerolite, 254 
Ifornblende, 313, 33, 37 
Horn quicksilver, 175 
,, silver, 79. 

Hornstonc, 300. 

Ilyacinth, 275. 
Ilydromagiiesite, 2S9 

Iceland-spar, 286, 31 
Ilinenite, 290. 
Iiidigo-cop]ier, 487 
lodargyrite, 17 4. 

Iron pyrites, 258, 41, 62. 

Jade, 314. 

Jamesonitc, 380. 

Kaneite, 552. 

Kaolin, 37, 314 
Kerargyrite, 174 
Kidney ore, 4U. 

Kicserite, 423. 

Kupfer- nickel, 552, 41, 57. 

Labradorite, 315. 

Lake ore, 40. 

Lanarkite, 410. 

Lantlianite, 287. 

Leadhillite, 410. 

Lead ochre, 294 
Lepidolite, 28, 29. 

Leucite, 314. 
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Loiioopyrite, 552. 

Liebi["iite, 393. 

Tjimestone, 287, 31. 

rjiimonite, 2i8. 

Linnohte, 252, 25G, 1*99 
Livingstonite, 380 
Loadstone, 40. 

Lolmgite, 552. 

Lourgite, 420. 

Magncsiofemte, 254 
Magnesite, 287, 33. 

Magnetic iron ore, 40' 214 254 
,, pyrites, 257, 218. 
Magnetite, 40, 214, 254. 
Malaeone, 275 
Manganese blende, 214. 

Marble, 281, 31 
Mareaaite, 258. 

Martite, 251. 

Matloekite, 298 
Meerscliainn, 313, 33. 
Melaconitc, 487 
IMelanoehroite, 203. 

Mendipite, 293. 

Meneghmite, 380. 

Miargyrite, 380 
Mica, 314, 29, 37 
Millerite, 241. 

Mimetesitc, 303. 

Mis])ickel, 57, 553 
Molybdenum glaiici', 393 
Molybdic ochre, 393 
Mottraniite, 51. 

Mundic, 258 
Muscovite, 314. 

Natrolite, 314. 

Needle iron ore, 252 
Nieeolite, 552, 41. 

Nickel bloom, 301. 

Niobite, 54. 

Nitre, 29, 325. 

Nosean, 315. 

Okenite, 307, 312. 

Olivine, 313, 33 
Onyx, 300. 

Opkl, 300, 49. 

Ores, 33. 

Orpinient, 57, 340. 

Ortliite, 30, 44. 

Ortlioclase, 301, 315. 

Pacite, 554. 
l^aragonite, 314. 

Pegmatite, 43, 361. 
Pentlandite, 248, 

Perowskite, 44, 290 
Petalite, 28, 315. 


Pharmacolite, 359. 

Plienacitc, 31. 

Phenavite, 312. 

Pliospliocaleite, 301. 
Pliosjihoeerite, 362 
Phosphorite, 31, 57 
Pitehblendo, 60, 393 
Plumbago, 43 
Plmnboarragonite, 288. 
Pluniboealeite, 288. 
Pol^basite, 380 
Porphyry, 49. 

J*otash alum, 425. 
Potash-felspar, 29. 

Prehnite, 314. 

Proust I te, 79. 

Psilomelane, 41. 

Purple copper, 257, 1S7 
Pyvargyrde, 79, 380 
P;y rites, 37, 41. 

Pyroehlore, 319, 393 
Pyrolusile, 41, 258 
I^yromoriiliite, 303 
Pyrophyllile, 314 

Quartz, 300, 49. 

Rammelsbergite, 552 
Realgar, 57, 340 
Red hieniatite, 218 
„ lead ore, 203 
„ zine ore. 225 
Rhodonite, 310 
Roek-{‘rystal, 300, 49. 

Rock salt, 72. 

Rose quartz, 300. 

Ruby, 37, 237. 

Rutile, 275, 41. 

Saltpetre, 29, 319, 325 
iSanmrskite, 30, 232, 330, 393 
Sandstone, 49. 

Sapphire, 37, 237 
Sassohte, 35, 232, 231 
Satin-spar, 422. 

Selieeletine, 393 
Seheelite, 393, 00. 

Schist, 49. 

Schonite, 409. 

Selenite, 421, 31. 
Senarmontite, 349 
Serpentine, 307, 33, 313. 
Sidente, 288. 

Silica, 302, 49. 

Silver bismuth glance, 380 
„ copper glance, 79. 

„ glance, 79, 487. 
Skutterudite, 552. 

Smaltite, 652, 41, 57. 

Soap stone, 33. 
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Sodalite, 315. 

Spathic iron ore, 40, 244, 288. 
Specular iron ore, 40, 248, 251. 
Speiss, 553. 

Sphciie, 213, 44. 

Spinel, 241, 254. 

Spinels, 253. 

Spotlumene, 314. 

Steatite, 33. 

Stephanite, 380, 

Stibmte, 346, 57. 

Stromoyerite, 487. 

Strontiaiiite, 287, 31. 
Syepoorite, 244. 

Sylvm, 29. 

Talc, 313, 33. 

Tantalite, 51, 319. 

Tchcrinigite, 425. 

Telluric bisiniitli, 352. 

„ silver, 487. 

Tephroite, 316. 

Thenardite, 409. 

Thorite, 316, 44, 275. 

Tincal, 35. 

Titaniferous ore, 40, 44. 

Topaz, 237, 314 
Trap, 49. 

Tripliylline, 28, 361 
Triplite, 361. 

Trona, 286 
Tungstic ochre, 393. 

Turgite, 252. 

Turpeth mineral, 432. 
Turquoise, 361. 

Tjsonite, 144. 

Ullmannite, 554. 


Ultoclasitc, 554. 

Uranite, 393. 
Uranosphairite, 404. 
Uranospmite, 404. 

Vanadinite, 329, 319. 
Vauquelmite, 263. 
Viviariite, 361 
Volborthite, 330. 

Wad, 248, 41 
Wagncrite, 360. 
Walpurgm, 404. 
Wavellite, 361, 67. 

I White nickel, 553. 
Willcmite, 313 
Witherite, 31, 287. 
Wittichenite, 380. 
Wolfram, 393, 60 
„ ochre, 393 
Wolhistonite, 312, 307. 
Wulfeiute, 393, GO. 

Xanthosiderito, 252. 
Xenohtc, 31 1. 
Xenotime, 360 

Yellow lead ore, 393 
Yttrotaiitulite, 36, 232 

Zeilanite, 254 
Zeiineritc, 404 
Zinc blende, 325, 33, 62 
„ bloom, 289. 
Zincite, 225. 

Zinckenitc, 380. 

Zircon, 275, 44 
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Vinorphous inmdition, 89 

A(;id ehroiuales, 2Gi. 

Vila 1^ sis, 11. 

Acids, 80, 108 S('e also llydroj^eii 

,, (puilitative, 1 1 

Acids See Hydrogen salts 

„ quantitative, 10, 14. 

Air, 70, 8, 0, 8^ 12, 88, 274, 2^1 

Andrews, 887 

Alchemy, 4 

Anhydroidiromates, 20 1 

Alkali iiiaiiufaeture, 070 

A nhmonat(‘s, 25 1 

Allotrojiy, 48, 67, 78, 125, 1 11, 81!> 

Aiitimomous acid, 370 

Alloys, 574, 577. 

Antimomt(‘s, 879 

Alum, 88, '125 

Antimomuret li'd h^drogmi, 518 

Alumimuni, 87 

Antimony , 50 

,, bron/e, 582 

,, amido-compoumU 5 dj 

halides, 188 

,, halides, lOO 

man ufaet, Lire, 052 

, manulaetnre, (j50 

nitrate, 828 

oxith's, 8 10 

nitride, &e., 552 

])hos\)hi(le, 55(3 

, orthophosphate, 800 

sulphates, 481 

oxide, sulphide, 287 

,, sulphides, seleiiides, tellur* 

py rojihospliate, 8()7 

ides, 852 

, silicate, 314 

,, tetroxuh', compounds of, 

,, sulphate, 424 

874 

Alums, 125 

Antimonosyl li.ilidc'^, 885 

Amalgams, 82, 578. 

Vntimonyl ( rudiloruh', 88 1 

Amines, 521. 

Aqna-regia, 811 

Ammonia, 512 

Vrgentainnies, 510 

„ composition of, 520 

; Ar^enamlnes, 58(5 

Ammoma-soda process, 671, 088 

j Ar'.enates, 851 

Ammonium, 117 

1 AiMoiiie, 50 

,, alum, 425 

,, cyanide, 508 

, amalgam, 578 

,, halides, 100 

carbamate, 583. 

,, oxides, 816 

,, halides, 117 

,, ,, double eompouiuls 

,, magnesium phosjihate. 

of, 868 

860 

,, phospliide, 556 

,, molybdate, 398. 

,, suljihates, 480. 

nitrate, 320. 

! ,, sulphides, 351, 

nitrite, 339 

,, orthopliospliate, 301. 

j Arsenites, 878 

Arseniurettcd hydrogen, 518. 

,, sulphate, 420. 

Arsenyl monoehluride, 384. 

,, sulphides, 211. 

„ trdluoridc, 383. 

,, tribromide, 119. 

Arsine, 518. 

2 Y 
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Arsines, 532. 

Atmosphere, 70, 88. 

Atomic heat, 127, 617 

Atomic theory, 3, 15. 

Atomic weights, 17, 598, 610 

,, „ deduction from spec - 

tra, 598 

,, weights, table of, 23. 

Atoms, 109. 

Auramines, 546. 

Aurates, 492. 

Avogadro’s law, 96, 611. 

Bacon, Koger, 5. 

Barium, 31, 120. 

dioxide, 218. 

,, halides, 120 

„ nitrate, 327. 

,, nitrite, 339. 

„ orthophosphate, 358» 

,, oxides, sulphides, 218. 

„ phosphide, 550 

,, sulphate, 421. 

„ sulphide, 218. 

Barometer, 92. 

Bases, 89. 

Basic carbonates, 289. 

Basic lining, 221. 

Basic silicates, 308. 

Bassarow, 236. 

Becher, 10 

Beetroot, 29. 

Bergman, 10 

Bernthsen, 447. 

Berth ollet, 1 4 

Beryllium, 31. 

,, halides, 120. 

„ nitrate, 327. 

,, orthophosphate, 358. 

,, oxides, 218 

,, suljihate, 421. 

,, sulphides, 218. 

Berzelius, 19, 36, 45, 144, 206, 627. 

Bessemer process, 656. 

Bismuth, 56. 

,, halides, 160 
,, manufacture, 661. 

,, nitrate, 330 
,, orthophosphate, 364. 

,, oxides, 346, 350 
,, oxyhalides, 385. 

,, pyrophosphate, 368 

,, sulphates, 431. 

,, sulphide, 350. 

Bismuthamines, 536. 

Bismuthine, 346. 

Black, 10. 

Black ash, 673. 

Black Jack, 227, 33. 

Black lead, 43. 


Bleaching powder, 462, 681. 
Blue vitriol, 410. 

Boisbaudran, I>ecoq dc, 598. 
Boiio black, 44. 

Boracic acid, 233. 

Borates, 234 
Borax, 232, 35 
Borides, 497. 

Borofluorides, 133. 

Boron, 35. 

„ ethyl, 503. 

„ halides, 131 

„ nitride, 551 

„ phosphate, 360 
„ sulphate, 424 
„ tungstate, 401 . 

Boyle, 7, 92. 

Boyle’s law, 92. 

Brass, 580. 

Brainier, 605 

„ and Tomieek, 35! 
Britannia metal, 585 
Brornates, 465. 

Bromic acid, 465. 

Bromine, 72 

,, halides, 169 

Bronze, 586 
Brunswick green, 493 
Bunsen, 29, 115, 351. 

Burnett’s disinfecting fluid, 12-^ 

Cadmium, 33 

,, halides, 123 

,, nitrate, 328. 

,, nitrite, 339. 

,, oxides, 225. 

,, phosphates, 360 

,, phosphide, 551. 

,, sulphate, 423 

j „ sulphide, 225. 

1 ,, yellow, 228. 

I C’scsium, 29 
* „ hahdes, 115. 

I ,, oxides, 211. 

,, sulphate, 420. 

' ,, sulphide, 211. 

Cailletet, 28. 

Calcium, 31 , 

,, halides, 120. 

,, nitrate, 327. 

,, nitrite, 339. 

„ orthophosphate, 358 

„ oxide, 218. 

„ phosphide, 550. 

„ sulphate, 421 . 

„ sulphides, 218 

Caliche, 325. 

Calorific intensity, 642. 

Caput mortimm, 427. 

Carbamic acid, 533. 
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Carbamide, 532. 

Carbides, 498. 

Carbon, 43. 

„ dioxide, 274, 10, 14, 16, 43. 
,, disulphide, 275, 282. 

,, lialides, 144. 

,, mono sulphide, 270. 

,, monoxide, 270 
,, oxysulphide, 285. 

, phosphate, 3G2 
,, sesquioxide, 272 
„ sosquisulphide, 272. 

„ sulphate, 428 
Carbonates, normal, 285. 

,, basie, 289. 

C^arbomc acid, 284. 

„ oxide, 16, 270. 

Carbonjl chloride, 291, 

,, sulphide, 285 
Carnelley and Williams, 325 
Caron, 50 
Cassel yellow, 298. 

Castncr’s process, 217, 651. 

Cast steel, 657 
Catalytic action, 463. 

Cat>>eye, 300. 

C^austic soda manufacture, 675 
Cavendish, 10 
( 'enientation process, 657. 

(leriuin, 13 

„ dioxide, 274, 283 
,, liahdes, 141. 

,, nitrate, 329. 

,, orthopliosphatc, 362 
,, sesquioxide, 273 
,, sesqiiisulphide, 273 
,, sulphates, 428 
,, trioxide, 270. 

Chalk, 31, 287 
Chamber crystals, 417. 

(fiance’s recovery process, (577 
Chemistry, objects of, 1 
Chill saltpetre, 72, 319 
Chlorine, 72. 

,, halides, 169. 

,, hydrate, 7(5 

,, inanufaeture, 678 
,, oxides, 159 

„ sulphides, 166 

Chlorosulphoiiic acid, 411. 
Chromamines, 526. 

Chromates, 262. 

Chrome red, 262. 

„ ochre, 248. 

Chromic acid, 262. 

Chromicyamdes, 565. 

Chroiiuuni, 40. 

,, dioxide, 258. 

,, halides, 137. 

„ monosulphide, 243 


Chromium monoxide, 243 
„ nitrate, 328. 

,, nitride, 552 

„ orthophosphate, 361. 

,, ■^esquioxide, 218 

„ sesquisulpliide, 218 

,, sulphate, 426. 

,, trioxide, 261. 

Chromyl dicliloride, 268. 

,, ditluoride, 268 
Clark, 315 

('laus’s recovery process, 677 
Clay, 49. 

Cleve, 603. 

Cobalt, 41 

,, dioxidt', 258. 

,, halides, 137 

,, monosulplnde, 213 
„ monoxide, 243 
,, nitrate, 328 
nitrite, 340 

,, ort]io}>hus])hate, 301 
,, phosphide, 552 
„ sesquioxide, 248 
,, &e3qinsul})l)ide, 2 18 j 
,, sulphate, 427. 

,, vitriol, 410 
Gohaltamines, 528. 

Cobalt ic> ariidcs, 567. 

Cobaltosamines, 532 
Coke, 111. 

' Colcothar viirioh, 427 
Colloids, 309. 

Columbiuin, 53 
Combustion, 8 — 12, 67 

,, (m manufacture), (512 
Compounds, 88. 

Condy’s Ihiid, 2(57. 

Constitutional t'orinuhc 207 
Cooke and Richarils, 202 
Copper, 79. 

„ eyanides, 571. 

,, halides, 171. 

hjdride, 577. 

,, manufacture, 661 . 

, nitrate, 330. 

,, nitride, 557. 

,, nitrite, 340. 

,, orthophosphate, 361 
,, oxides, 487. 

„ pyrophosphate, 368. 

„ sulphate, 432 
; , sul])hido8, 487. 

I t^oprolites, 57, 359. 
i Cotton goods, traiidulent weighting, 
I 124 

' Croceocobaltamines, 529. 

' Crookes, 87, 602. 

I Cubic saltpetre, 325. 

1 Cupramines, 545. 
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Cuprosamines, 545. 

Cyanic acid, 568 
Cyanides, 560 

„ coiistiintion of, 572 

Cyanogen, 558, 554 

, bromide, 568. 

,, cliloride, 568 

,, sulpliide, 568 

Dalton, 15. 

Davy, 29, 206, 499. 

,, lamp, 499 
Debray, (Jl, 78 
Debus, 451 
Density of gaseous elements, 612 
Deville, 30, 37, 50. 

Diamond, combustion of, 276 
Dieliromates, 261. 

Didymium, 53, 603 
Diffusion, 91, 809 
Dissociation, 616 
I bt liionates, 449 
Dit liionie acid, 1-1.8 
Ditliiojiersulpliunc acid. 1-52 
Ditte, 380. 

Divers, Oil- 

Double eomjiounds, of babdes, 119, 
123, 125, 132, 136, 140, 112, 1 17, 153, 
160, 164, 166, 168, 171, 173, 179,187 
Double compounds, of oxides, 211,221, 
229, 246, 251, 259, 272, 297 
Double deeomiiosition, 81, 121 
Dross, 51 

Dualist ic tlieorN , 206 
Dulong and Petit’s law, 127, 617 
Dumas, 99, 202, 207, 550 
Dysprosium, 603 

Earths, 38 
Earths, alkaline, 31 
,, rare, 602. 

Ebullition, 91 
Ekaaluminium, 640 
Kkaboron, 640 
Ekasilicon, 640 
Electrolysis, 29, 74, 85 
Electrum, 589. 

Elements, 3 — 13, 25. 

,, atomic weights of, 610 

,, general remarks on, 83 

,, molecular weights of, 612 
,, specific volumes of, 633. 

,, vapour density of, 612 

Empedocles, 3. 

Empirical formula), 209. 

Epsom salts, 423, 33, 409 
Equations, 110. 

Equivalents, 19. 

Erbium, 56, 603. 

„ halides, 160 


Erdmann and Marchand, 202. 
Erythroehromium salts, 528 
Ethane, 501 
Ethylene, 507 
Etliylphosphinic acid, 375 

Fehhrig’s process, 4S9. 

Eennentation, 27-8 
b'errates, 265. 

Ferric compounds See Iron 
Ferricyanic acid, 566 
Ferricyanides, 565. 

Ferroaluniinium, 581. 

Ferrocianic acid, 563. 

Ferroeyanides, 5(52 
Ferromanganese, 5S2 
Ferrosamines, 532 
Ferrous compounds See Iron 
Flavocobaltamines, 530 
Fleitinann and llenneberg’s ]>hos- 
j)hates, 372 
Fluoboric acid, 132. 

IGuonne, 65, 72. 

„ halides, 31,72, 120, 169 

Flux, 122 
Formula', 21 

,, constitutional, 207 

,, molecular, 126, 612. e/ .se^/ 

Free path, 92 
Friedel and Guerin, 1 IG 
Frit«5(*be, 51. 

Fuels, 6 16 

Fuscoeobaltamines, 529 
Fusible allots, 585. 

Galvanised iron, 579. 

Gallium, 37 

., halides, 133 

nitrate, 328 
,, oxides, 237. 

,, sulphate, 421- 

,, sulphides, 237 

Gas, 97. 

Gas-carbon, 4 1-. 

Gases, 91, 97 

Gay-Lussac, 36, 91-, 287, 462, 559 
Gay-Lussac’s law, 94 
Gay-Lussae and Thenard, 550. 
Gay-Lussac and Humboldt, 611 
Geber, 4 
Germanates, 316. 

Germanium, 49. 

„ dioxide, 300 
„ disulphide, 300. 

,, halides, 148. 

„ monosulphide, 294. 

,, monoxide, 294. 

„ orthophosphate, 362. 

German silver, 580. 

Gibbs, 403. 
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Glatzel, 42. 

Crlau liter’s salt, 420, 29, 409. 

Glucinum, 31. 
l5told, 79. 

,, cyanides, 571. 

,, lialides, 174. 

,, manufacture, 663. 

,, nitrate, 331. 

„ nitride, 557. 

,, oxides, 487. 

,, pyrophosphate, 368. 

,, sulphide, 487. 

Graham, 309, 391, 396, 676. 

Greek fire, 58. 

Grey gold, 581. 

Guanidine, 525. 

Guignet’s green, 252. 

Hales, 9. 

Halides, 88, 81. 

,, constitution of, 504. 

,, double compounds of. 8ee 

Double compounds. 

,, molecular formula) of, 126, 

135, 154. 

,, of lialides, 169. 

„ of hydrogen, 112. 

„ ,, composition of, 

113. 

,, preparation of, 182 

,, properties of, 181. 

,, sources of, 181. 

Hard spelter, 579. 

Ilargreave’s process, 672. 

Heating power, 612. 

Helmont, van, 10. 

Henry, 621. 

Hexametaphosphates, 370. 
Hexathionic acid, 452. 

Hillebrand and Norton, 46. 

Hofmann, 100, 

Holmiuiu, 603. 

Hydraulic mortars, 313. 

Hydrazine, 515, 519. 

Hydrides, 575. 

Hydriodic acid, 107. 

Hydroboric acid, 497. 
Hydroborofluoric acid, 133. 
Hydrobromic acid, 107. 

Hydrochloric acid, 108. 

Hydrocyanic acid, 559. 

Hydrogen, 25, 10, 40. 

,, antimonate, 365. 

,, antimonide, 518. 

„ arsenates, 356. 

,, arsenide, 518. 

„ arscnite, 378. 

,, borate, 233. 

,, boride, 497. 

„ borofluoride, 133. 


Hydrogen bromate, 465. 

bromide, 101. 

„ hydrate of, 112 

carbonate, 284. 
chlorate, 461. 
chloride, 104. 

„ composition of, 

113. 

chloride, hydrate of, 112 
chlorosulphonatc, 441. 
chromate, 263. 
cyanate, 568. 
cyanide, 559. 

dilithium phosphate, 356. 
disodium pliospbate, 357. 
difhionate, 418. 
ditliiopcrsiilifiiate, 452. 
ferricyanide, 666. 
ferroeyamde, 563. 
fiuoborate, 132. 
lluoride, 101. 

]ialules, 112 

,, composition of, 
113. 

liexatliionate, 452. 
li,\ pobromite, 462 
liypochlorite, 461. 
hyponitrite, 344. 
hypophos])hate, 373. 
hypophosplnte, 417. 
h\ p()sul})hate, 448 
hyposulphite, 447. 
liy povanadate, 335. 
lodate, 4-65 
iodide, 101. 
metaphosphate, 369 
moly Ixlate, 396. 
niobate, 323. 
nitrate, 322. 
nitrides, 512. 
orthoantimonate, 356. 
orl.hoarsenate, 356. 
orthophosphate, 355. 
ortliosulpharsenate, 356 
oxalate, 273. 
oxides, 191 
pentathlon ate, 451. 
perchlorate, 469. 
periodate, 469. 
jiermanganate, 267. 
pliosphates, 352. 
pliosphides, 514, 519. 
phosphite, 375. 
pyroantiinonate, 365. 
pyroarsenate, 365. 
pyrophosphate, 365. 
pyrosulphate, 432. 
selenate, 417. 
selenide, 191. 
scleniotrithionate, 450, 

2 Y 2 
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II} drogen selenite, 436. 

„ silicates, 303, 30G, 309. 

,, Bilicide, 500. 

,, sulphate, 415. 

„ sulphide, 191. 

,, sulphite, 435. 

„ sulphocarbonate, 284* 

,, sulpliocyanate, 568 

,, sulphostannate, 316. 

,, tellurate, 417. 

,, telluride, 191. 

„ tellurite, 436. 

,, tetratliionate, 450. 

,, thiosulphate, 444. 

,, trisulphide, 196. 

,, trithionate, 449. 

,, tungstate, 397 

,, vanadate, 323. 

Hydrogenium, 576. 

Jlydroxylaiuine, 523. 

H> pobromites, 461. 

Uypobroinous acid, 462 
Hypochlorites, 462. 

H}pocblorous acid, 461 
]lypoohlorous anhydride, 460. 
Hypoiodites, 462. 

II} ponitrites, 3 1 4. 

Hypophosphites, 380, 381. 
Hypophospliorie acid, 373 
H} po^^hospliorous acid, 380 
11} posulphuric acid, 448 
Hyposulphurous acid, 447. 

,, ,, constitution of, 

447. 

Ilypovanadates, 335, 

Indium, 37. 

,, lialidcs, 133 
,, nitrate, 328 
,, oxides, 237 
,, sulpliatc, 421 

,, sulphide, 237 

Iodine, 72. 

,, liahdes, 169. 

,, oxides, 459 
lodoplatiiiiiiitrites, 484 
Iridamincs, 540 
Iridic} anides, 570. 

Indium, 77. 

,, halides, 177 
,, oxides, 480 
„ sulphate, 431 

,, sulphide, 480 

Iron, 40. 

,, carbide, 510. 

,, disulphide, 258. 

,, halides, 137. 

,, manufacture, 653 
„ monosulphide, 243. 
monoxide, 243. 


Iron nitride, 552 

,, orthophosphate, 361 
,, sesquioxide, 248. 

„ sesquisuljihide, 248 
,, sulphates, 426, 

„ trinitrate, 328. 

„ trioxide, 261 
,, valency of, 273. 

Isomorphism, law of, 620 

Jaiine brillant, 228. 

Keiser, 203. 

Kelp, 116. 

KirchhofP, 115 

Klason, 291. 

Kopp, 618 

Kruss and Nilson, 605. 

Kundt and Warburg, 624 

Lagoni, 23 1, 

Lampblack, 45 

Lana pliilosopliica, 227. 

Lanthanum, 30 

„ halides, 131. 

,, orthophosphate, 360 

,, sidjiliate, 424 

Laurent and G-erliardt, 207 

Lavoisier, il, 206. 

Lead, 49. 

dioxide, 300. 
halides, 148. 
lUtinufacturc, 659 
inonosulphide, 294 
inonoxidi', 294. 
nitrate, 329. 

,, nitrite, 340 
,, ortliopliosphate, 3(>2 
,, phosphatochlonde, 363 

„ j)lio^]jliatonitratej 362. 

,, phos))hide, 555. 

,, sesquioxide, 299 
„ sulphate, 429. 

Leblanc soda process, 671. 

Limited reaction, 58. 

Liquids, 91. 

Litharge, 295 

Lithium, 28 

halides, 115. 
oxide, 211. 
sulphate, 420 
,, sulphide, 211. 

Liver of sulphur, 43. 

Lunar caustic, 330. 

Luteociiromium salts, 528. 

Lutcocobaltamines, 531. 

Magnesia alba, 33, 227. 

Magnesia usta, 227. 

Magnesium, 33. 
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Magnesium boride, 408. 

eth>l, 503 
„ halides, 123. 

,, nitrate, 328. 

,, nitride, 226. 

,, nitrite, 333. 

,, orthophosphate, 3G0. 

,, oxide, 225. 

,, pjropliosphate, 3G7. 

,, feulpliate, 423. 

,, sulphide, 225. 

Manganates, 265. 

Manganese, 41. 

,, dioxide, 258. 

,, lialides, 137. 

,, heptoxide, 2G7. 

,, nionusulphide, 243. 

,, monoxide, 243. 

,, nitrate, 328. 

,, nitrite, 340 

,, ortho})hosphate, 361. 

,, phosphide, 553 

,, sesquioxide, 248. 

,, silicate, 41 . 

,, suljiliate, 426. 

,, trioxide, 261. 

Manganicya Hides, 567. 
Manganotyanides, 5G5. 
Mangaiiosamines, 532. 
Manganosoinangaiuc oxide, 251. 
Manganyl chloride, 2G8 
Mar&li gas, 40(8, IG. 

Marsli’s test, 518. 

IVIassicot, 295. 

Matter, states of, 01. 

Ma^>o, 8 
Meinecke, 627 
MendelLH'ff, 201, 628 
Mereuraniines, 546. 
jMorcury, 70. 

„ cyanides, 571 

,, eUijl, 507. 

,, halides, 174. 

,, maniifactiirc, 664. 

,, nitrates, 331, 

,, nitride, 540, 557. 

,, orthophosphates, 365. 

,, oxides, 487. 

,, pyrophosphates, 368. 

,, sulphates, 432. 

,, luiiour density, 615. 

,, vapour, monatomic, 624. 

Metals of the earths, 38. 
Metantimonates, 371 
Metantimome acid, 370 
Metaphosphates, 360, 370 
IMetaphosphoric acid, 360. 
Metaphosphoryl chloride, 381. 
Metarsenic acid, 370. 
Metatungstates, 300. 


Methane, 16, 408 
Metji} lamincs, 532. 

Meteorites, 40. 

Meyer, L , 20, 628. 

Meyer, V., 102. 

Mierocosmie salt, 357 
Mitis iron, 581 . 

Mitseherlieli’s law, 620. 

Mixtures, 88. 

Moire, 583. 

Moissan, 74, 146. 

Molecule, 16. 

Molecular complexity, 621. 
Molecular compounds, 200. 
Molecular formuhe, 126, 162, 612 
Molecular heat, 618. 

IMolccnlar weights, 612, et seq 
Molybdates, 308. 

MoIa bdeimni, 60. 

„ halides, 406 

,, nitride, 556 

,, oxides, 802, 305. 

,, OX} halides, 406. 

,, phosphates, 364. 

., sulpliaies, 431, 

,, sulphides, 302. 

Molylidie aeid, 408. 

Mortars, 313 
Muntz metal, 580 

Nu}des yellow, 372 
Nascent state, 141. 

Neodymium, 603 
Neumann, 618 
Newdands, 20, 628 
Nickel, 40. 

,, dioxide, 258 
,, disulphide, 258 
,, lialnles, 137 
,, manufacture, 658 
„ nioiiosLilplude, 243 
,, monoxide, 213. 

,, liiti'ate, 328. 

,, nitrite, 3 It) 

,, ortliophos])liate, 361. 

„ plios})liide, 552 

,, sGS(|iiio\idi', 2 18. 

,, siilpliate, 127. 
Niekelosainines, 532. 
Niekel-})l.itiiig, 41. 
iSilson, 46, 122, 

Niobates, 323. 

Niohu aeid, 323. 

Niohiuin, 53. 

„ dioxide, 333. 

,, halides, 157. 

,, hydride, 576 

,, pentoxide, 320. 

Niob}l halides, 332. 

Nitrates, 323. 
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Nitre, 29, 325. 

Nitric acid, 322. 

Nitric oxide, 341. 

Nitric peroxide, 333. 

Nitrification, 325. 

Nitrites, 337. 

Nitrogen, 53. 

,, dioxide, 341. 

„ halides, 157. 

„ hexoxuie, 341. 

„ monoxide, 343. 

,, pciitoxide, 320. 

„ sulphates, 429. 

„ sulphides, 343. 

„ tetroxide, 333. 

„ tnoxide, 33G. 

Nitroprussides, 560. 

Nitrosulphides, 343. 

Nitrosulphates, 429 

Nitrosyl chloride, 340 
„ sulphate, 430. 

Nitrous acid, 337 

Nitrous anhydride, 336. 

Nitrous oxide, 343. 

Nitroxyl chloride, 336. 

Nonionclaturc, 89. 

Odling, 462. 

Oil of vitriol, 415. 

Ores, 33. 

Orgaiiometallic compounds, 502 

Orthoacids, 456. 

Orthoantimonic acid, 356. 

Orthoantimoriious acid, 376. 

Orthoarsenates, 356. 

Orthoarscnic acid, 356. 

Orthophosphates, 356 

Orfehophosphoric acid, 356. 

Orlhosilicic acid, 306. 

Orthosulpharsenic acid, 356. 

Orthovanadates, 326 

Osmamines, 539. 

Osmiridium, 77, 588. 

Osmites, 483. 

Osmium, 77. 

„ halides, 172 

„ oxides, 480. 

„ sulphate, 431. 

,, sulphide, 480. 

Osmocyanides, 569. 

Osmosis, 309, 91. 

Oxalic acid, 273. 

Oxidation, 140. 

Oxides, 84, 191. 

,, action of heat on, 63. 

„ and sulphides, &c., general 
remarks, 494. 

,, classification of, 205, 494. 

„ dualistic theory of, 206. 

„ molecular formula) of, 621. 


Oxygen, 60, 61, 9-11. 

„ halides, 166. 

„ oxide, 387. 

Oxyhydrogen blowpipe, 193. 

Ozone, 387. 

„ formula of, 390. 

Palladamines, 539. 

Palladium, 77. 

„ cyanides, 569. 

„ halides, 170. 

„ hydride, 576. 

„ oxides, 476. 

„ phosphate, 364. 

„ phosphide, 556. 

„ sulpliate, 431. 

„ sulphides, 476 

Panncticr’s green, 252, 

Paracelsus, 6. 

Pattinson’s process, 587. 

Pell got, 61. 

Pentnthionic acid, 451. 

Pentoxidcs, double compounds of, 3r;3 
Perchlorates, 471. 

Perchloric acid, 469. 

Perehromates, 206. 

Periodates, 470. 

Periodic acid, 469. 

Periodic law, 627. 

„ table, 20. 

P(*rmanganates, 266. 

P(‘ruianganic acid, 267. 

Persian red, 262. 
Persulphomolybdates, 406. 
Persulphuric anhydride, 414. 
Peruranates, 405. 

Pcttersseii, 122. 

Pewter, 585. 

Phlogiston, 10. 

Phosgene, 291. 

Phosphani, 535. 

Phosphamic acids, 534. 

Phosphamidc, 534. 

Phosphate of soda, 357. 

„ „ manures, 359. 

Phosphines, 532. 

Phosphites, 377. 

Pliospliomolyb dates, 403. 
Phosphonium salts, 317. 

Pliosphoric acids, 352. 
J*hos})horo8amide, 525. 

Phosphorous acid, 375. 

Phosphorus, 56. 

„ cyanide, 568. 

„ lialides, 160. 

„ manufacture, 665. 

„ nitride, 555. 

„ oxides, 346. 

„ pentoxide, double com- 

pounds of, 363. 
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riiosphorus Biilpliides, 350. 

yapour deiiaity, 610. 
IMiosphorjl aniidoimide, 531. 

„ metaphosphatc, 310, 373 
,, nitride, 534 

,, suljjliate, 430 

,, tribroinide, 383 

,, trieliloride, 382 

,, iriiluonde, 382 

Pictet, 28 
Pinclibeek, 580 
Plaats, van der, 202 
Plants, respiration of, 2S0, 388 
Plaster of Pans, 422. 

Platiiianniies, 543 
Pla< mates, 483 

Platinioarbouyl compounds, 185 
Platinmiolj bdates, 485. 
Platimtungstates, 485 
Platinoelilorosulpliil es, 485 
Platinodiamines, 512 
Platinonitrit('s, 481 
Platmopliospliorous acid, 186 
IHatinosamines, 511 
Platinum, 77 

,, cyanides, 570 

, lialides, 172 

, nitrate, 330 

, nitride, 557 

, oxides, 480 

jibosphate, 36 t 
,, sulphate, 431 

,, sulphides, 480 

Plato, 2, 3. 

Plumbates, 312. 

Poly chromates, 261. 

Polyiuerides, 333 
Polyselenites, 410 
Polysulpliitcs, 410 
Polytelliirites, 410 
Potassamide, 524 
Potassium, 28 

,, alum, 425 

,, chlorate, 64 

,, ,, manufacture, 682 

,, cyanide, 561 

halides, 115 
,, hydride, 575. 

,, liyponi trite, 341 

nitrate, 325. 

,, nitiido, 550. 

nitrite, 337, 339 
,, oxides, 211 

,, selenide, 211. 

„ sulphate, 420 

,, sulphides, 211. 

,, triiodide, 119. 

Pozzolana, 313. 

Praseodymium, 603. 

Prehmte, 314. 


Priestley, 11, 64 
Proust, 15 
Prout, 627. 

Prussian blue, 566 
,, greti), 5()6. 

Prussic aeid, 559 
Purple of Cusiiis, 492 
Pur})ureoehromium eompouiuK, 5 ’7 
Purpureocobaltamines, 530. 
Pyroantimome acid, 365. 

P} roantimomoiis acid, 376 
Pyroarsenie acid, 365 
l^yrometers, 645. 

Pyropliorism, 246 
ro phosphates, 366 

l*yroj)]iosp]ioric acid, 3G5, 368, 353. 
Pyro))hosphor\ 1 chloride, 38 t 
Pyrosulpliutes, 433. 

Pyrosiilplinrie aeid, 432 
Pyrotell urates, 433. 

Queen’s metal, 585. 

Rammclsberg, 380 
Kaoult’s metiiod, 623 
Ra^yleigli, 202 
Reaction, limited, 58 
Reduction, 41 
Regnault, 202, 618 
Regiilus ol Venus, 587 
Revcrberalory furnaces, (»tS 
Rbodamm(*s, 538 
Rhodie> anides, 569 
Rhodium, 77 

,, cyanide, 569 

,, halides, 170 

,, nitrate, 330 

, oxides, 476 

,, })hos])}iate, 364 
,, sulphates, 431 

,, sulphides, 476 

Rliodoeliromuiin salt'<, 528 
Riehtcr, 1 5 
Roasting, 227. 

Roscoe, 55, 60 
Roseoclironiiiiin salts, 528 
Roscocobaltamiiies, 530 
Rouge, 427 
Rubidium, 29 

„ halides, 115. 

,, oxide, 211 

,, sulphate, 420 

„ sulphide, 211 

Ruthenamiiies, 537. 

Ruthenates, 479. 

Ruthenium, 77. 

,, lialides, 170. 

, oxides, 476. 

„ sulphates, 431. 
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Ruthenium sulphides, 476. 
Ruthenocyamdes, 569 

Salt, 6, 28 
Salt-cake, 420, 673 
Saltpetre, 29, 319, 325. 

Salts, 89. 

,, double, 89. 

Samarium, 603. 

Scandium, 36, 603. 

,, halides, 131. 

,, oxides, 232. 

„ sulphate, 424. 

Schaffner and Helwig’s process, 676 
Seheele, 11 
Schlippe’s salt, 358. 

Schonbein, 387. 

Schut/enberger, 447. 

Scott, 202. 

Sea- water, 115, 409 
Soa-weed, 72 
Selenates, 419. 

Selemc acid, 417 
Seleniotrithionic acid, 450 
Selenious acid, 435. 

Selcnitcs, 436. 

Selenium, 61 

,, acids, con'ititution of, 452 

,, halides, 166. 

,, oxide, 409. 

,, sulphide, 455 

Selenosy] compounds, 443 
Selenyl compounds, 441 
Sesipiioxides, constitution of, 255 
Setterberg, 29. 

Shear steel, 657. 

Silicamine, 533. 

Silicates, 303 

,, decomposition of, 311 
Silicic acids, 303, 306, 309. 

Silicides, 498. 

Silicoethane, 501. 

Silicomolybdatos, 402. 

Silicon, 49. 

,, dioxide, 300. 

,, disulphide, 300 
„ ethyl, 506. 

,, halides, 14S 
,, monosulphide, 295 
,, monoxide, 295. 

,, nitride, 554. 

,, orthophosphate, 362. 

,, oxycarbides, 318. 

,, pyrophosphat<% 368. 

,, sesquioxide, 299. 

,, sulphate, 428 
Silicon pig, 510. 

Sihcooxalic acid, 299. 
Silicotungstates, 402. 

Silver, 79. 


Silver coin, 589. 

,, cyanides, 571. 

,, halides, 174 

,, hyponitrite, 344. 

,, manufacture, 662. 

,, nitrate, 330. 

,, nitrite, 337. 

,, oxides, 487. 

,, orthophosphate, 365. 

,, solder, 589. 

„ sulphates, 432. 

,, sulphides, 487. 

Smithy scales, 255. 

Soda ash, 286. 

,, crystals, 286. 

„ inesotype, 314. 

Sod amide, 524 

Sodaminonium, 577. 

Sodium, 28 

,, chlorate, manufacture, 682 

,, halides, 115. 

hydrides, 575. 
hyponitrite, 341. 
nitrate, ,325 
, nitride, 550 

, nitrite, 339. 

, orthophosphates, 357 

oxides, 211 
, phosphites, 377. 

,, jiyrophosphate, 366 

, silicate, 310. 

,, sul])hate, 420. 

„ sulphides, 211. 

Sofiioni, 231. 

Solder, 585. 

Solids, 91. 

Soluble glass, 310 

Solution, 107. 

Soret, 391. 

Specific heat, 123, 617 
„ volume, 633. 

Spectrum analysis, 591 

Specidum metal, 586 

Spongy platinum, 577 

Stahl,' 11. 

Stannamine, 533." 

Stannates, 311. 

Star spectra, 608 

Stas, 81, 202. 

Steel, 656. 

Stibine, 518. 

Stibines, 532. 

Strontium, 31. 

,, halides, 120. 

,, nitrate, 327. 

,, nitrite, 339. 

,, oxides, 218. 

,, sulphates, 419 

,, sulphides, 218. 

„ sulphites, 436. 
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Sublimation, 152 
SulphHes, 84, 191. 

Sulpho-. See also Thio- 

Si Iphocarbamidc, 533 
Sulphostannates, 316. 

Sulpbostannic acid, 316 
Sulphur, 65 

,, acids, constitution of, 452 

„ amines, 536. 

,, from furnace gases, 667 

,, halides, 166. 

,, oxides, 409. 

,, selenide, 455. 

,, sesquioxide, 414 

,, trioxidc, 412, 14, 15 

Suljihuric acid, 415 

,, „ manufacture, 416, 667 

Sulphurosyl compounds, 443. 
Sulphurous acid, 435. 

Siilphuryl compounds, 441 
Surface-tension, 91 
Symbols, 20, 1 10 
Sympathetic inks, 139. 

Synthesis, 14 

Tank waste, 676 
Tantalates, 323 
Tantahc acid, 323. 

Tantalum, 53 

,, dioxide, 333 

,, halides, 157. 

,, phospliate, 363. 

,, pentoxide, 320 
,, tetrasulphide, 335. 

Telluramines, 536. 

Tell urates, 419 
Telluric acid, 417 
Tellurites, 436. 

Tellurium, 61, 606. 

,, halides, 166. 

,, nitrate, 330. 

,, oxides, 409. 

,, sulphates, 431. 

,, sulphide, 455. 

Tellurosyl compounds, 413, 

Tellurous acid, 435. 

Telluryl compounds, 411. 

Terbium, 49, 603. 

,, halides, 148. 

Tctrathionic acid, 450. 
Tetratungstates, 399. 

Thallium, 37. 

„ antimonide, 552. 

„ halides, 133. 

„ nitrate, 328. 

,, orthophosphate, 360. 

,, oxides, 237. 

„ sulphate, 424. 

,, sulphides, 237. 

Than, 285. 


Thenard, 36, 195 
Thioautimonates, 358. 
Thioarsenates, 355. 
Thioarsenites, 378. 
Tliioearbonates, 290. 
Thiocyanates, 568 
ThiO])alladites, 479. 
Thiophosphates, 354. 
Tliiophos])horyl halides, 382 
Thiosulphates, 444 
Thiosulphuric acid, 414. 
Thorates, 290. 

Thorium, 43 

„ dioxide, 275. 

,, disulphide, 275 

„ liahdes, 114 

,, heptoxide, 293. 

„ nitrate, 329 

,, orthophosphate, 362 
,, sulphate, 428 

Thulium, 603 
Tin, 49 

,, dioxide, 300 
,, disulphide, 300 
,, halides, 1 18. 

,, manufacture, 659 
monosulphide, 294 
,, monoxide, 294 
,, nitrati‘8, 320 
,, orthophosphates, 362. 

,, phoa])hatochloride, 362 
,, phosphide, 555 
„ s<ilt, 151. 

,, sesquioxide, 299 
,, se.s([uisulphide, 299 
,, sulphate, 429. 

Titanannnes, 533. 

Titanates, 290. 

Titanium, 43 

„ cyanonitride, 567 

,, dioxide, 275. 

, disulphide, 277. 

,, halides, 144. 

,, monosulphide, 270. 

,, monoxide, 270. 

,, nitrides, 554 

„ orthophosphates, 362 

,, oxychloride, 292. 

„ sesquioxide, 273 

„ sesquisulphide, 273 

„ sulphate, 428. 

Tobacco-ash, 28. 

Tombac, 580. 

Traces, influence of, 82. 
Transmutation, 3, 4. 

Tree of Diana, 589. 

Trithionic acid, 449. 

Troost, 42, 45. 

Troost and Hautefeuille, 317 
Tungstates, 398. 
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Tungsten, 60, 393 

,, ammonia compounds, 536 
lialides, 164. 

„ nitride, 556. 

,, oxides, 392. 

,, oxyhalides, 406 

,, pliospliatcs, 364 

,, sulpliides, 392. 

Tungstic acid, 397 
Turnbuirs blue, 566 
Turner’s yellow, 298 
Type mctdl, 586. 

CTltramarine, 315. 

Uraiiatos, 398, 405. 

I Cranium, 60. 

,, ammonium compounds, 536 

,, halides, 164. 

,, oxides, 392. 

,, oxy halides, 406 

,, sul])hate8, 431 

,, 8ulphid<'8, 392 

rr.inyl nitrates, 480. 

,, phospliales, 364 
,, tungstate, 101 
Urea, 532. 

Urine, 357, 360 

Valency, 129, 501 
Valentine, 6. 

Vanadates, 323 
Vanadic acid, 323 
Vanadimolybdates, 403 
Vanadites, 337. 

Vanadium, 53 

,, dioxide, 341 
,, halides, 157. 

,, hydride, 576. 

,, nitrides, 555. 

,, pentasulphide, 321 

,, pentoxide, 320. 

,, tetrasulphide, 321 

,, tctroxide, 333. 

,, trioxide, 337 
Vanadyl dihalides, 336. 

,, monohalides, 340. 

,, orthophosphate, 363. 

,, sulphate, 429 
,, tri halides, 332. 

Vapour, 97. 

,, density, 97. 

,, pressure, 91. 


Venetian red, 433, 

Vermilion, 488 

Water, 191, 11. 

„ comjiosition of, 201 
„ physical properties of, 199 
Water-glass, 310 
Weber, 36, 49, 52, 154. 

Weldon’s process, 678. 

Wenzel, 15. 

White lead, 289 
Williamson, 565 
Winkler, 49, 87. 

Wohle^ 36, 37, 45, 551, 567 
Wood (diarcoal, 41 
Wurtz, 577. 

Xanthocobaltamines, 530 

Ytterbium, 36, 603 

„ halides, 131 

,, oxide, 232 

Yttrium, 36, 603 

,, halides, 131 
,, orthophosphate, 360 
,, oxid(’, 232 
,, sulphate, 424. 

Zinc, 33 

„ ethyl, 503 
,, halides, 123 
,, manufacture, 652 
, nitrate, 328. 

,, nitride, 551 
,, nitrite, 339 
,, oxides, 225 
,, phosphate, 360. 

,, siilplinte, 423. 

,, sulpliides, 225. 

Ziiicamide, 525 
Zirconamine, 533. 

Zirconates, 290. 

Zirconium, 43 

,, dioxide, 275 

,, disulphide, 275. 

,, halides, 1 4-4. 

,, nitrate, 329 

,, niti’idcs, 554. 

„ orthophosphate, 362 

,, pentoxide, 293. 

,, sulphate, 428. 
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